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NOVEL DIFFERENTIATION INDUCING PROCESS OF 
EMBRYONIC STEM CELL TO ECTODERMAL CELL AND ITS aSE 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 



2. Brief Description of the Background Art 

as, ,mmm (e„br.onic ste» cell) t,t, ^ > t' , a ,ct,,.r mmt 

(compaction) g ; (, , » Bfl « « ;t; S/f « , ^ ^ 
Morula) «tftt5«PS,.S6. S^.c, g«« ,5 
(blastcoel) i^(m5ffiM,.-T-#E« (blastocyst) 

S,att^«««,^K^ (trophectoger™) SirtSft^St (inner cell 
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• 



iih\^m^ (primitive endoderm) lffl^(C57"fb LT 1/ ^ 5o :Ltlh(Do'h. — $[5C0 

mmiim^w-^^hmtimm^m^m<7^'pm^'j&^ Liifip^iasn (parietal 

endoderm) t fj: '0 . mJ^^-^ h V y ^ ^ ^ ^ m L X "7 ^ ^ /I- h ^ 

(Reichert' s membrane) ^0< -So 
— ^ii^tf>^j^i5:< (DWJ^\^^^MBf\^iti&iiL^^m^ (visceral endoderm) 

jfefl^i-^^i^^o < ^^ummm(DmmitmmLx mi^^fi^m (primitive 

ectoderm) t^ittl^mmm^-^K 6 o J^. ^ ^ fi . ^35 '14 ^ K ^ 
(embryonic ectoderm) ^ V ^{i_h^^i;B^S (epiblast) i: ^^4^T 1/ > 6 „ 
«J5^m(Dfl35fi^#:i LTR|fi?f^}c:^Si-^fci6. Sftm 5.5-7.5 0 (DBSfiP 
mm (egg cylinder) .tP^tt'tL^o ^ttf^StD^-s- i: O j-}-(t1S^I'J¥5>f-(i. 
H^^^O< Sfl^^^KIl^ (extraembryonic tissue) 75S^*r^H^75^ ^ 57-<b L 
ff^Jjfe^tLT'^^'So Sfft^ 6.5 0 {^{SJ^.^^^KHei-J!^.^ (primitive streak) 

t m-£n^m^mti. z.(DU^j^xw-t^m?s^mr-m^mmmicmt l-xwj^^ 

LTKtt^Bi^f-ffllSg (embryonic mesoderm) ^Mf^T^o ^ (DB^m<D^I,:i 
fi. #^fl&i,^^f*(7)f^fl3i|| (definitive endoderm) t'^ 5 ^f^ffllS tj-a * tLT V ^ 

•So 

/c^K^^#Mt4^KE|| (neural ectoderm). ^^^(Dm^^'pv-'itt'^M^-^n 
htlfz^\~m^i-im^T^ii9[-m^ (non-neural ectoderm) tm-£tlXh^^, 



(primordial germ cell) t LXm^tl^. ^^J^^^ilEBfl^fi. JFJ^^H^^^^ 

^fli (allantois) S f (5 CD ^35 ^J'f^ cfj ^35 ^ (extraembryonic 
mesoderm) (7)cf3<D#^(7)$(5fS:(-tti5at--5o ^^JF.^?it^ffllS«. ^^^^T, ^,|i|mJ^ 

m^mcD^m^^^-r^^'^immmx^^i^Mmm.^m 
f^Lx\^^^mm^mmi,^^i^. mmi^mmm,commtmi-t^m'omi-:Ltxm 

■\i:^^t{cx^x'&ALtzm\^mmtimM(Dmi^^n^:ity)-xt^z.t^-h. 

siE^M^tlXl^^ (Manipulating the Mouse Embryo A Laboratory Manual, 
Second Edition, Cold Spring Harbor Laboratory Press (1994) (i^T^ T-v 

=.t:° Z2. ^ • ^ ' ^ ^ ^ • ^>'Zf V ^ ' T ' "yyf-'y hU— — 

y^i <t BS-i") ; Gene Targeting, A Practical Approach, IRL Press at Oxford 



University Press (1993) (.^T . T v^— > • ^ — >r ^ :x i B^i") ; y< 

^(J^Y^U, ^±tt (1995) (l^T. ^ESlffl^^ffl^/^;^c'^^-7■^;^(7:){^MJ <i:lB& 
1-))o 

-r^/!ii6(c:{i. ^ nisi L/C |J]{-tlili^lffl^^SlHM-^ 

ES^-B^^fflv^fc'^M-^^^^75'^tM), 7 — 

K't±i^lfflflS(757fe^^b^fig^^#t-aia^<t LTLIF (leukaemia inhibitory 
factor) 75^[5]^^tbT*D 19 (A. G. Smith and M. L. Hooper; Dev. Biol., 121, 
1 (1987); A. G. Smiths, Nature, 336, 688 (1988); P. D. Rath jen ^ , Genes 
Dev.. 4, 2308 (1990)). m^m^i^LlF^mMi- ^ ^ t iZ. X -^X . •7 4—^— 

t^'^^^^tlXh^^ (J. Nichols^. Development, 110, 1341 (1990); S. 
Pease Dev. Biol., 141, 344 (1990) )„ ^tz. IIF ^ (D h CO ^ mmm^MM 

-rs^t^'^fc, iiF<D§:^i^(D^y'^=^y HcD— o-t^-fo^gpiso ^^mwtl.x 
*^L-C^/^-5-l' v^ — □-r=^>"6(D:77-^y ~'7^^(Dm)Wh^9)]X-h^ ^ tt'^ 
7r:^tLTV^S (D. P. Gearing and G. Bruce. New Biol., 4, 61 (1992); J.I. 
Conover . Development, 1 19 , 559 (1993); C. Piquet-Pellorce ^ . Exp. 
Cell Res., 213, 340 (1994); D. Pennica ib . J. Biol. Chem. , 270, 10915 
(1995))o 




'0 (K. Yoshidabx Mech. Dev., 45, 163 (1994); J. Nichols^. Exp. Cell 
Res., 215, 237 (1994); 7-51060 ■^) , gplSO ^>^(OmS^^i^^^m^> 

^ ^ i^ S (C. L. Stewart ^ , Nature, 359, 76 (1992) ; J. L. Escary t . 
Nature. 363 . 361 (1993): M. Li^>^ Nature. 378. 724 (1995); C. B. Warefe.. 
Development, 121, 1283 (1995)), gpl30 J&'fe^^^fe^U/c-^l^7^^'*5\/^T{^, 

12.5 Q^>^mmi^^?>mmx^±w.-r^^ti;>^^hxw^nx^^^ (k. 

Yoshida^p, Proc. Natl. Acad. Sci. USA. 93, 407 (1996) )» 

•^^ P^i:i:io\^^Xm^^mS^7!fmibXm^^tlX^m (M.J. Evansb> Nature. 
292, 154 (1981); G. R. Martin; Proc. Natl. Acad. Sci. USA, 78, 7634 

(1981)). ^m&oy^jSEikm^mf!^<Dm:<L:^m. -^il^^^^-^i^^fc^stt-SKtt^Jisffl 

mcom^m (7i^s<i#i^5,453.357-§-; ^is4#i*F5,67o,372-§-) f£t*tm^^n. 

9^yh (P.M. lannaccone . Dev. Biol., 163. 288 (1994)) s 
:=^17 hi; (B. Pain^, Development, 122, 2339 (1996); MM^f^ 5,340,740 
7K:S#flF 5,656,479 #)), (M. B. Wheeler; Reprod. Fertil. Dev.. 

6, 563 (1994); H. Shimf>> Biol. Reprod., 57, 1089 (1997)), (J. A. 

Thomson P), Proc. Natl. Acad. Sci. USA, 92, 7844 (1996)), t h (J. A. 
Thomson fc) s Science, 282, 1145 (1998); M.J. Shamblott ^ > Proc. Natl. 
Acad. Sci. USA, 95, 13726 (1998)) (Dm^^^fH^Him^iL^flX^^^^ 
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Lfc^:/y y ;?f--f K^'t^^V <t (q^tt*tL5«M (embryoid body; J|^;^T. 

^#-EB^. ^mmmm. shimmm. p^m^m. ^mm. -w^mm. ^^mms 
'L^mm. yvrmfi^. n^mm. ±j^mm. ^^/-9--rh. ^^^y-^ 

4 hc7)#ajf;B^^aiJa^-ti:§^ <t ;iiSpIfig-efe-5^ <t;6S$g^^nTi/^^ (P. D. 
Rathjen^, Reprod. Fertil. Dev., 10, 31 (1998) )o LtS^ U/^xS^ ^ CCDtg 

«*-&{^ J; § ^{k(7)^i»-t:- . mmmmm.(Dmi^ j: 5 i ^stj 7^=^ ^•(b;^^ ^ 1 # ^ 

±#t"S:i<i:75^$R^$tLTi/^-5 (G. Yamada ?3 . Biochem. Biophys. Res. 
Commun. , 199, 552 (1994) ttxS-r 6 ECrW^iC^o V ^T . / i^^MSl- 

X'Omm^.^CDS^itmSim^th^ t^^^^^ (E.M.V. Jones-Villeneuve^. J. 
Cell Biol., 94, 253 (1982); G. Bain??, BioEssays, 16, 323 (1994)) ^ 



Wi^-^^ti fV"^ =L y t?C(DS®-efc§GAP-43 (growth-associated 

protein-43) , MAP-2 (microtubule-associated protein-2) ^ y T ^ / §§ ^ 
(y -aminobutyric acid; JL^T. TgaBAJ -Jr^B^f) ^"^W-. NMDA (N-methyl- 
D-aspartate) S^f^. \y-r-f'y:yO:>^^i)^, mRNA U^yb-C:^ 3. — n 7 ^ ^ p< 

Brn-3. GFAP (glial fibrillary acidic protein). GABA^^^^ t;- GAD 
(glutamic acid decarboxylase) (D^^-^'^W.^ ^ tl ^ ^ t i^Wi^ ^ tlX ^ 
(G. BainPj, Dev. Biol., 168. 342 (1995); F. A. Michael J. Neurosci. , 
16, 1056 (1996) )o 

Brn-3 i^^U^MX (X. He ^ , Nature, 340, 35 (1989)), GAP-43 iiW^ 
^ "C (L.I. Benowitz and A. Routtenberg; Trends Neurosci., 20, 84 
(1997)). MAP-2 i^n^mVt^^X (L.I. Binder^?. Ann. NY Acad. Sci. , 76, 
145 (1986)). GFAP (i iJ^" y m ^ -C- (A. Bignami ^ . Brain Res., 43, 429 
(1972) ) . GABA ^^WiS XUGADii ^iJ.tt # M "e (Y. Chang and D. I. 
Gottlieb; J. Neurosci., 8, 2123 (1988)). ^Vl/ ^ ^: j; t/NMDA 

$R^^tL-CV^-2) (H. G. Slager^. Dev. Gen., 14, 212 (1993) )„ ¥S±t* L 
/cM^MflaJ- 10-^mol/lit;g(7) y ^ >'^^{^ffl ^-fr 5 i . 3 0 ^k^^ 50%(7) 
|;ffllS-eGAP-43 (D^S^tJ^ 4~5 0m 5%^f^(DJi;ffl^-C=-^ — D 7^ 7.^ h-165 
(S. H. Yen and K. L. Fields; J. Cell Biol., 88, 115 (1981)) (D^'i^i)^^^ 
U-<y^-etl^$n-ri^S;05. GAP-43 PltMfl&cD(5 <b/ut-{irtfl2i^^Ji;fflflS1t<75ff^ 
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h =5 Z t 7)'^^^ ^ HX ^ (W. G. van Inzen ^ . Biochim. Biophys. 
Acta., 1312 , 21 (l996))o GAP-43 |^'M^<7) 4^ (Cfi— §|5 ^' y T ^fflJlS^(7)Mfil 

^mmm<D / ^ lym^mxmm^ti ^nmmmm<7:>mm t i:tmvx GAP-43 

ioXXf=-^ — t2y^^^y h-165 th'>^^W^^',^X^Uk^^^^m&^^:Lti^ 

^R^^tLTV^a (W. G. van Inzen h . Biochim. Biophys. Acta., 1312 , 21 

(i996))o :z(DXoi<^. EBmf^iz.x^mmm^Ki'^ma^jjmmfinm^m^cD 

^fflV^•/^t^]®^5:^^|lJ^bfc<^ 5-HT (5-hydroxytryptamin) , GABA, :^ ^ 

^tL'^^Wi(Du^xmM^^^t'^. -^m^i \^xm^^fzmmmk(D^^ J ^ 

^^nr*5i9 . ^*^^l^(7557'<L:(7);^f^tt(7)-^^{ci'bEBJf^^}c:J;SliJ5Sra^1=Sajt 
ffl;dSM^T'fe5 ^ ^S^$tLTV^-5) (W. G. vanlnzen??. Biochim. Biophys. 
Acta., 1312 , 21 (1996)), IffllS^Mft J: SEBf^^-Cii, EB^® cD^JIgg ;6^J^ 

<7)H^^(Z) s,^6^7:^|5]^fc:{iMoTI/^7'^V^ (P. D. Rathjen^j. Reprod. Fertil. 
Dev., 10, 31 (1998) )o 

fcf^m. t-^y -f '^^tmM^x\.fz.i%mxit^w.^ichfz.Y.BmmL't^mm(D^' y 

lETfiffl^-CfcS^EBflS^StijsaL^ ^(^(-^ GABAfmttWM^ffl^. y V-f«'tt^M 
IS. GFAP^t^COTy^ 04 l^'l* (M. Schachner ^5 . Dev. Biol., 83, 
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328 (1981)) (D:i-v ^^''fiy hm^^^j^itLtimm^^^ni^-r^^t:dmh 

Ti^d^n-CV^S (A. Fraichardf^. J. Cell Sci. , 108, 3181 (l995))o 

^itir^ ^ tai^ h u ■^7-1' /i^;^ ^ffl i/^fd y :y i^'^M^'^-^^^^ti (u. 

Lendahlfj. Cell, 60, 585 (1990); J. Priced, Development Supplement, 2, 
23 (1991); J. Price Brain Pathol., 2, 23 (1992)), f^i^(Dm 

(S.J. Morrison^, Cell, 88, 287 (1997); R. D. G. McKay, Science, 276, 66 
(l997))o 

mz.^^i.x\.^^mm^'o^¥-Mi^mi\.^mm (io{«~ioo{§) xm^^^hti^o ^ 

>'^^>^v^-r{d, J: <o ±mm^m^i&\^^'Ji)tmxm^m^^^w^^.(Dmmc 
4 Bm'^^m^m-r ^ ^ t X ^xmi^^^fz.EB^mm^mm(Dr' ^> ^ ±x 

^-i^ ^^^-atflTSFnt^ittl (A. Rizzino and C. Growley, Proc. Natl. Acad. 
Sci. USA, 77. 457 (1980)) ^fflV>T 5~7 Bmt^m-T^^ tX\ ^-y^^^^m 

\±x:^--Dmxm^:d^mm^ti^mmmm^m&m^ (a. Kurtz h . 

Development, 120, 2637 (1994)) (D^^m±^^^^(Dmm^S^ 
(neuroepithelial precursor cells) :d^W^^tl. ^ (7) IE ^ffl flS ^ bFGF 
(basic fibroblast growth factor) t V ^ =->-'k^t^mN3 ^.sk^ni^MXi^^-t 

^tmmm^t {.xmMmw^n^T^K hFGF^m^tcmmxit^m^<DW&M 
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^tLTV^S (S. Okabe^. Mech. Dev.. 59, 89 (1996) 

± 16 0-18 B(Dvy h(Dmm^^m-r^t. ^m.Lfzmmmm:^mW}i^ms. 
mm^i-i.^±(Dm^tm.^w^-o-^^ti:^^^ tt'mm^rix\^^^ (o. Brustiee. 

Proc. Natl. Acad. Sci. USA. 94, 14809 (1997)), Lt)^ b t'c? /S^ Pj , ^^UO. 

^bfc^t^^Ot()iIZ^J!a^D^ffi{c:*DV^T tlK^^tLTl/^S (J. Dinsmore^. 
Cell Transplant., 5. 131 (1996); T. Deacon^. Exp. Neurol., 149, 28 
(1998) )o 

^ ^ y i^mfn^xm brv^s ^ h (Dm^wi^^m-t^ r t x\ mi> 

Brustle^. Science, 285, 754 (1999) )„ ZLCD'^^XVt. iiiliCOEBff^JBiJc^^ . 
lJ^Yx&%^^m^^xmn\^f^Wi^±.l^UU^(OmWM^-b^h. ^ fjf:n^^b56Sii 

i-/^^^^. M^b/c^Sl±j^;aflS1^coHijilJi;ffl^^jKy b b 

l^V. FGF2 (fibroblast growth factor 2). 7 ^ — > ±fc 
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MWi^^m^^Xmm^m^^l^. 5 ^<D 1 (Dm^^^^X-FGFZ tEGF (epidermal 
growth factor) ^-a tPigiteT'li^{t*&# = h^^^iCjg Lfc 

^ho—^ 5 ji^(D 1 C0^.fflJ!&^->g-eFGF2 <bPDGF-AA (platelet-derived growth 
factor-AA) ^^tf t$i&{C,«{-t Lt^^^^tt S C i: "CiJ^' y TMcDmJiE^fl^^ 

C <t;ei^^$tL-CV^6o ^Oct ^fdLT^-fbfl^Lfcmti. A2B5 ^ttT-fcS r 
<L: (M. C. Raff^, Nature, 303, 390 (1983)). FGF2 4octt/EGF^-B-*;'£V^i#±& 

m^^mm (teratocarcinoma) J: 19 Kt^^^fflSS |Wl^#^>fb|g?r^i-5*ffl 
^^<5:bT. (^M±^IMJ3S (embryonal carcinoma cell: EC^fflJia) 

iL^tlXh^^ (M. J. Evans; J. Embryol. Exp. Morph. , 28, 163 (l972))o 

^nh(Dm^i-i. m^^nmco-^—:^—tti^iA<^^^mm.i^xh^^:L t 

(E.G. BernstinePj, Proc. Natl. Acad. Sci. USA. 70, 3899 (1973); S. B. 
Diwan and L. C. Steven , J. Natl. Cancer Inst. , 57, 937 (1976) ; D. 
Solter and B. B. Knowles, Proc. Natl. Acad. Sci. USA, 75, 5565 (1978); 
B. A. Hosier . Mol. Cell. Biol., 9, 5623 (1989); S. C. Pruitt , 
Development. 120, 37 (1994)). ^ V ^KiSh^Xm:^ f^'M^.^'l^Mt-t 
;'J^WbTV^5ri (G.R. Martin and M.J. Evans, Cell. 6, 467 (1975); 
G. R. Martin and M.J. Evans. Proc. Natl. Acad. Sci. USA, 72, 1441 
(1975); M. W. McBurney. J. Cell. Physiol., 89, 441 (1976)). 

(D^m.\^is\.^xm^ h ^j: ^ ^mmi)>'m h ^ t (lj. 

Kleinsmith and G. B. Pierce. Cancer Res., 24, 797 (1964)). flS^flScOl^l- 
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^A-t^ t^hl^mf^lzm-^L^^ ymW^Mft^-r^ :i t (B. Mintz and K. 
Illmensee . Proc. Natl. Acad. Sci. USA, 72, 3538 (1975); V. E. 
PapaioahnouPj, Nature, 258, 70 (1975); M.J. Dewey , Proc. Natl. Acad. 
Sci. USA, 74. 5564 (1977)). 1^i6T#-ettfe 6 ;6SHttMlfflflatt(7)4^{^{i^ 

mi^^^i^^^^i^fm-r^mti^n^m-hn^^nx^^^^^t (t.a. stewart 

and B. Mintz, Proc. Natl. Acad. Sci. USA, 78, 7634 (1981)) 7^^ ^ , Kt^ 

^f'. ii^w^^mmm^t^m-r ^mi^hFGF^Mx.^ tm^mBmizmi&. ufcia 

fla(D|ffl^^^^St±iJi.-r:5r EOm^ (embryonic germ cell) t 

^yL^tltz. (Y. Matsui^. Cell, 70, 841 (1992); J. L. Resnic?5, Nature, 

359 . 550 (i992))o ^KDEG^jistt, ±m^.m^ ^ v (Dmm^i^-^x^ ^mti^ 

W b X *D 0 (C. L. Stewart??, Devel. Biol., 161, 626 (1994); P. A. 
Labosky^, Development, 120, 3197 (1994)), iilEEtt^^^jO^ Wt" S 

T$g^^tl-C^/^5o. 1997 Wilmutb{c:j;oTBi?LS!iit^T'{±Di^-C, i^mm(D 
^S5l$<?5^ a-:/'fgI^T?fc§^ K y — ;5^ftl±i $nrJLj;5fe (I. Wilmutb, 
Nature, 385. 810 (1997)), i,^ 1^0 JiS (Z) ^ ffl 1/ ^ ^ a — :/ r> (j. b. 
Cibellifj, Science, 280, 1256 (1998)), >S/t, ^|*], I?:^, 9Pl=, iPSirfiffl 
^(Dl^^fflV^/c^ cr — ^r>o^ (A^P^; m&'M^^M^, 44. 892 (1999)), 
^n — V-V-dfi" (A. Baguisi^, Nature Biotechnology, 17, 456 (1999)), 
-&*B^(7);^ ^ffi l/Nfc iJ' C2 — r> ;^ (T. Wakayama , Nature, 394. 369 
(1998)), m(Dm(Dm)i^'tm^^tl^\P^ — ly-^^^ d. Wakayama^, Nature 
Genetics, 22, 127 (1999)), fl35te$^|fflfla (D^^ ^ ffl V n 7t n — > -7 r> ^ (T. 
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Wakayamatb. Proc. Natl. Acad. Sci. USA. 96, 14984 (1999); W. M. Rideout 
Ulh. Nature Genetics, 24, 109 (2000)) cO'f^aiTi^fS^ $ tlT:fc «9 . ■^IfflJia 

mmtl.X(Dm^^W.^(Dj;L-'m(D^mWnm^f\^X\^^^ (R.P. LanzaP?. 
Nature Medicine, 5, 975 (1999) )„ * /c. mm^Um\Z.m.Bi^^Y^^M^^ 

W-.(D^^-f)^^m^J:Zth^M^nX\j^^ (p. D. Rathjenb, Reprod. Fertil. 
Dev., 10, 31 (1998) )o 

m^. m^^m^^n^'mmm.m<D^'^m^-^\^^xm^-^^^xmm-r^o 

mn'^^^^X'h^o tt^5fe=t'9. L-DOPA (L-v=t Kndf-v.^^-/UTT^:/) ^ 
<7)S#}-*5V^-C^(7)$5l!)^75S2^^(C^^|| wearing off^^, T 

m\^n\^xmi^^^9)]-\^^^^'t:Lti)'^^i)^<iX^x\^^^t-K ^m^%^nm-r^ 
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SUMMARY OF THE INVENTION 
filJ-^. )^XT<D (1)-'(71) Jzi^fSo 
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(1) m&^mm^^wM:^mx-i^m-t^T.u^^t^. m^^m^^^mm 
'Cv>s*fflJ!S-e*>5s -tie (1) icfs.m(D:^mo 

(4) ^mmm^<Dmm^^ nf^^mm^tci^m^mMxh^. ±ie o) 

(5) m^^M^m^mfii^X'^^. ±ib (4) icia^o^^^sfeo 

(6) #iS^J^J!a*Sii;Tc^ (a), (b). (c) *3j;t>*(d) 
5*IB/lST'$>-5. ±fS (4) }C.i5gE(^;^Sfeo 

(a) : 

(b) nU^fi^ ; 

(c) #Sl=C05^Bfla ; 
<d) W^t^COjteH&o 

(8) nmmm:^^^ ^rco (a), (B). (c) *3j;tl? (d) 
ti6#M7^ia-C-fo^> ±ia (6) l::ia^(7?;^&, 

(a) K-^-« ^ V-f^ttitt^^JMlS ; 

(b) T-^^j}^^})i^i^Wi\mmm'i^; 

(c) vT5/gS®?{'^t&'t4^^M^^ ; 

(d) -fee h->"f^l!)^4#?SI*fflJiSo 

(9) T'^'f'/^^v-'^^m^mmmt^. isiet i sr^^uTv^5ss^l#^iNB 

«a-C'fc5. ±fE (8) {;:?em(D;^?fe„ 

(10) 4*^lpco^Jja;6^ &.T(D{z)^ (b). (c) 43j;t)« (d) t^^fi::^mt^h 

igf^nsm-e&s, ±ia (6) tciB^cD:^)*, 
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(a) ^^^^<OS^mHtW^X'^^y=^iy^^iyi^^ry^^ (Sonic hedgehog) 
^ 4 (Bone Morphogenetic Protein 4) iCRlt^L^Mi^ii.M-f'^MIIl^i^^it-i' 

(b) ^^^(D^iiB.m<DmmCiiLUi-^ HNF-SiS (Hepatocyte Nuclear 
Factor-3^) ^^^LT</^$#iSW^<B!l<^M ; 

(c) ^^^i^CCtJ^^IU^i ^ HNF-3/3 (Hepatocyte Nuclear Factor-3 ^ ) (^lOV* 
-e2#S(:i^1-S-^'-:*7-Nkx2.2 Srlgmu-CV>S#^tfigffi!J<^?^iiS ; 

(d) Pax-7^^mU-CVNS#^^W<»J<^JisfflJ!&, 

(11) ^S^<^^iSfe/i5, AP-2 (Activator Protean 2) ^Sr^S LTV>;5^*|Bfla 

T'fcs. ±15 (6) i:its,m<^:^&. 

(12) 'i'Jl^^H^ 4 (Bone Morphogenetic Protein 4) #^ETT'l##-rS r 
a:^<l#^i:-rs. ±12 (1)~(11) ov>-ri^/{>=>i^{^IS^o;^fe„ 

(13) y=^iy^^^y 5/ r?' (Sonic hedgehog) ^^TXi^^T^ - i: 

m^-r^s ±fa (i)~(i2) (^)v^-rt^./^)^l^^^:lB^<^;b'^fe„ 

(14) ^mm-^mi^K ^i^r/y K^7'^^^^^;^^^.^^feMX-fc'5. ±iS 
(1) ~ (13) (Di^^-rtiTb^ 1 3St;L|S^(0:^i5fe, 

(15) BisiLmmm<D^WTxmm-r^iL^^^ti::Lt^<^mt-t^, ±ie 

(l)-(14) <^VNm/6^i:^j::|E«(7);^?Sfe„ 

(16) . ^ hP— ^JNDl!aS5|5<^H^<^#^TT'lt$|-r'5r ir$:#mii-•5^ ± 

(17) ^ r5^ia#^TX't^a|-r5:i t<lr#!Si:-rs. ±13 (1)-(16) 

(18) hn— ^5^iiS;6s, mm^t^m^m\ci:V)i$Mntl^^ofz^ hn- 
■vm-efcS. ±fE (17) }j:|Eife<^::^?*„ 

(19) i^AT<^ (a), (b) ^XX)^ (c) ^O^'^J^^effi^^i^fjjl 

fm^^sx-fc^s ±IE (18) icia^o;!^^. 
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(b) Mn^momkiizx^isiim: 

(c) mm^Wr-^m^^hth^mMm'^(Dfzib(D^mo 

>'*5j:T>'p< h h u^-^^ \>^^h^j:^mi!>^i:^mitti^^mmx*h^. -tia (19) 

(21) mmmm-cm^^hn^mMm'&<otii^<Dmmf>^. -;j'^^nt>-c-:/@ 

(19) {^§3$fe<^;^j*o 

(22) ;^ h rii5lBJ3^;6S, ^^-f K^-^FERM BPt7573 jiS^^-f a 

:^/vjjt^T-^.iife^ns^ hn— v}SBflar'*>5Jbis (i6)~(2i) (t^vnt^va^ 1 

(23) >^ hci>-^^J!a;6^ iJ;lTO (a), (b) . (c) . (d) . (e) . (f) ^ XTJ 

(g) ^^(i^fj^^m^^t^mitti^^hu^-^mmx-s^^S), iis (16)^(22) (D^^-r 

(a) s^i^m-^mmmm^m 

(b) SIHM-^ l^:?^ *5l5STOjftB)5a ; 

(c) C7 ^ J5&]M * 5l$NIH/3T3 JifflflS ; 

(d) M-CSF>C«-^«i'^§I^SS3l50P9,^Jia ; 

(e) S 5t5MC3T3-G2/PA6 j^fBUS ; 

(f) fm±^mii^!^^(Dy^hti^'^mm', 

(24) lBEt4#JWJ5S}0^ &.r(0 (a), (b) *5i;iJ« (c) ^^5|^j6^P,^}^tt 
Sr^fiST-foS. _hia (l)-(23) (DV>'rtb;!>w:^lc|S«fe<D:^^?fe, 
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(c) (a) ^fcfi (b) (^Hi±#»co^^^*i:±<Z)31^^^3t^^^X^co^ 

(24) (D\^^'rn^^ I m^fe.^<D:^m. 

(26) m^^m!^^^mm^s^^f!:.i^f^mmm^<Dms^iz.^^\imm'r^^m 

^^5%S^±Xh^s -hlB (1)~(25) OV>-rH;6='l^{CiBgc<7)::J^i*„ 

(27) ^^&<3{^:4>)K^5^5«BJjacD^^b^^^#t>/jJV>. ±|a (l)'-(26) (DIN 

(28) _hfB (l)-'(27) 1 ^JC|2^<7):^feT*ffiVN5, Ki^^^sBHa 

(29) m^^mfii^^^mmms^:i3^xji^mmmM(Dmm^^<mm-r^. ^ 

(30) j>^=^^m^mm^^-r^. -his (29) i:iia«c^@^c 

(31) A=«#«i35S^/-?D ±IB (30) {::fEgJ(^S-?-o 

(32) #?f0fifeS^ 4 (Bone Morphogenetic Protein 4) ^^^^^i: UT"^ 

h^mmMmii i wish* 5feom-^co:»-<k^^^J„ 

(34) ^ ho— JilE (18)~(23) <DV^-rt^/;&> 1 mi^Um(^^ hti 

— ^jifflfla-cfes. _LfE (33) iz^m<D^<tmm.M. 

(35) ;^ Hn— ^|fBj}g^5|€(Oia^;52i.=i#J^^^|i$r=fi-r§x -h|5 (33) * 
t'lt (34) }C|B^O:$>^b^^^Jc 

(36) A=i#.*&;45^/-<:y ±IB (35) t^fBS<??:»-'fk^^^L 
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(37) m^n'mm>ib^mmms^i^^v^^mmmm<7>msk\^^itmm'r^m 

(38) ^ h P — ^jSBJi&j5^ J::|e (18)~(23) (DV>-fnd^ 1 W^Be.^(0:^hu 

(39) A=i^*t;is^yN-y ±ia (37) *fcf* (ss) {ciB^cotg3i_h 

(40) JblE (37)~(39) <D\.^Tn^^ 1 m^t&m(Omm±m^^^^^t]^X 

(42) hn— N'$fflJi&;65, _blE (18)~(23) (7)V>-!r*T./d^ 1 i^tcfS^co:^ h u 
— ^*ffl^-efeS. _hia (41) {cfEi|feO;^i*o 

(43) _blB (41) (42) tcfBife{;?:*rrfe(j:j:»9 5i#$tt^> 

(44) :/ y K— ^FERM BP-7573 jJ^^^-T ^^^i^^ —T/^i^i^, 

(45) _tia (43) ^tcn (44) ^;llB^fifeW^#:^^V^:5;li^^|#m<^•t-'5^ 5^ 

(46) _hlB (45) (c|aicO;fyfe{;^J: ±|S (43) *fc{i (44) 

(47) ±|E (46) {ClfE^c^^j^^-^tP^jlS^^^t^fcfe-^j^tfeo 
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(49) j:.:=i^mty^hx3—^mmm^<Dm'?-t^m^^'^?>xMi:. j^^^ 

±15 (48) \z.^m<r>1oWio 

(50) hn— ^5isHJ3a;6S^ _h|5 (18)-'(23) (D^-^-fM^ \ ^{dlS^t^:^ h o 

-his (48) (49) {;i|E^(^:^?feo 

(51) jx=i^m^. >--C'fes. ±IE (49) \z.mmo:>:fym. 

(52) JilB (l)-'(27) COVN-f^Ji^ 1 m^fd.m(D:^m^m^^^^t\Z.^^X 

(53) jiiE (52) \cum(o^MmM-^ft.vti^Bm^^<Dnf^-^. mmn^ 

IE (53) (:ilB«Ko;^j£o 

(55) ±fa (53) ^feU (54) (::|a«^;&'fe^;BVNT#e)tV?>*IBJ3ao 

(56) mkmw^^T^i:-cp'n.w^mnt¥^^'rx% ±ia (i)'-'(27) (ov^ 

(57) l!5^#»^#?5ET*5j:-a«?^^@^#iM##^TT-. _hl5 (1)~(27) <7)V> 

(58) IKi^#;@#&T*3±t^^1S!Jt@^i^®#^^«ETT's -blE (52) i::|B«4<^)}^ 
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(59) ^mmnw^T^^xj^m^mmn^^^rx'. ±n (52) j,cmm<Dm 

(60) mi^^mmt^ ^mrnMi^ x xmmm^^<ommt::$&^mmir 5 m 

(61) ;^ ho—^mm^. ±15 (i8)-'(23) <7>v>-rtLA* 1 3«iciBic<^x ho 
— ^»T'fc-5. _hia (60) i^mi$i(D^m^ 

(62) E^;iSA=#!»Si^ti^Wr§. JilE (60) {cfe^<^|S^„ 

(63) u£x=«#*S;5S^^-«y ;^-cfcS, ±13 (62) lc|a^<DEm= 

(64) ±|B (43) •^■fti-t (44) (::iaii(^^n:f^^<^^tfl^^. 

(65) ±15 (46) icmm<Di7m^-^t^mmo 

(66) ±iB (52) -^tat (55) t;l|B^(0^ilS^-^tfE^o 
Sl^t^fcfeOg^T'fc^.. ±15 (6p)~(66) <OVN-ftv;4^i3S}:::fa«ogm„ 

(68) ^mmm^(Dms^(D^mizm'^<mm^K nmmmm^fin^m^^m 
^<^i^^tca<s<^,#T?fe5. ±iE (67) i,cBi^(Dmmo 

13 (68) i^mm<^mmo 

(70) ±13 (43) ^tci-i (44) ^^:IEi^(^t^:^^^fflv^6 :i Wi: "T S > ± 

IB (46) Kmm(^^mo^mm^^iiim. 
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(71) ±ia (43) •^r:in (44) ^c|aife<z)fe^{^|s:^^v^6^ t^#^^-ra. ± 
IE (46) \z^m<Dm<D'^mmm'&m, 

BRIEF EXPLANATION OF THE DRAWINGS 
NCAM, (B) 'f-^—rfV^. (C) :^;^^V{C^-r5Si:#:T'S^'febfc?i$*^;^Ufc: 

m 3 l^fi, ES^il&EB5 ^PA6 » ©**S^^'Z)^^|±jmUfc=' n ^f^n 

H 4 mit. ES^iiaEBS i:PA6 mfi&t<D^^m(Om^m^\^tl=iX2 =.^<D^X^ 

0 5 mi^^ BMP4 «^j!jn'r*ES5NBiiSEB5 i:PA6 1l^mt<D^i^m<D'^^mm.\^tc=t 
cz^-C0'1=-C% (A) NCAM{cMi-5fei:^*:. (B) ^>;^^>'{J:^-t'5^^. (0 E:i7 
K'-sy >-(;i^i-6fct^*3^t>* (G) ^^'T^ 14 {c*f-r5fetf*:^^v^-C^^U/c 

*5 <t t>*BMP4 ^^*D-x?ESj^Jja PA6 JisfflBS <^*J^^o^mtiim 3 o 
C9l=r', (D) NCAMtw^i-5^^*:. (E) ^^^^-JcM-rs^^. (F) E;* K->y 
^{^*f-r^^^*5j;rj« (H, I) ^9^^^ 14 ^^:^-r5^^^^Mv^T^■feU/t5^ 

B 6 mi±. PA6 ?NBJjai:ES,l5fflflaEB5 V ^ /V^ — ^'St\^X^1^m\^fz.^^ 

{•y^jv^—). y >! j\^^-'^'ft-^t£\^x^^m\^t:.m^ (PA6), *5<i:OTA6 m 

^ 7 lElf*. ES^ISEBS i:PA6 ^flJ!S o^^#<oj®^tti^ uysi^'fk^^tt',^ 
Nurrl, Ptx3 *3 J;t;«G3PDH(7>|i^S^RT-PCRfe{z:T^i?tlf U^hJi^;^^^ LfcElTfe 
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5c B^12 B (D-^ ^ :^mU<DnSl^ m^^. Embryo t ^15) s Pke^&SS^t 12 Bffl 

*it#LfcEs*iBiiaEB5 m^. ES+PA6 ir^iB) ^xx^Mmtvx 12 Bf^mm 
(D^icni^xm^<om^itmmt:^:^fcmi^^m^irttz.^:^(Dm^^n-^t^m 

% 10 ^fi, ^7^5^ n^-Tyt-^i^ KM1307 PA6 J^iai: C0^jc£;t4^, -feyi-y— 
i^CDm^XV^^y^ ^y^^^—^X^tz^ ry h IgM ^ y n — KM2070 ^ 

H 11 mi-^s ^ kmisio t pas mmt<D^mi^^. -feyvy— 

1*<^a*5 J; D^-b-:^:^' 7:^365— Ifcuyb^ 5^ h IgM KM2070 ^ 

-To 

DETAILED DESCRIPTION OF THE INVENTION 
This application is based on Japanese application Nos. 2000-- 
144059 filed on May 16, 2000 and 2000-290819 filed on September 25, 
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2000, and U.S. provisional application No. 60/257,049 filed on 
December 20, 2000, the entire contents of which are incorporated 
hereinto by reference. 

(1) M^Wi^ 

^-y. -y=¥. i?-yK t h^(Dm%Wim^hi-ftbti?>. 

(2) ffiEtt^^fflliS 

.irLrtt. (a) mm^m<D^mm^i^mi-^:ibicxoxm±i^fcm^W}m^ 

^ ^ itfcEcmsk h Esms^ t mm(D^n^^-t zt^^^^ inx r^^^^tt^^. m 

:^^m\^:iin^mm^Uf^b\^x\i, ±ia (a) <om\m^mf^. (b) wmm 

i.tLm'&'^Uf^. isiixi (c) (a) (b) <Dmm^ms^(Dm'&ii^±om. 

^'i'^m^^ji^(Dmm^m\^^x^mvfcmm^mm^^'t-r^o 
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(3) ^^mmmj!^:i3^x^^m^^^<Dmf^ 
(a) nm^mm, 

(i) 
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ffi-r S ,if it, S o 

(Corticotropin (ACTH) aav.jS-yjKhPk'i^ (Lipotropin) . a ^ — 
^rmMmWc^^/l^^ > (MSH) . a -3:. >' Y^/Uy^ ^ 1^ (Endorphin) , ^ K/V 
-f^^ K/^:7-r ^5^;^:^:^3i:/-{r:7 7' y :^ (Met-Enkephalin), n 

-i 31, >r -7 T y (Leu-Enkephalin) , a - ^ 3^ K yl^ 7 ^ 
(Neoendorphin) . ^ -^r^-a^V K/I^^' W ^ -< J ;V7 ^l/k (Dynorphin A) . 
y ^ y /V IT- ^ i^B (Dynorphin B) , n ^ ^ (Leumorphin) , /"^y^X^v 
i/ (Vasopressin) ^ =.3. — t3:7^e/> (Neurophysln) , Y i/^y 

(Oxytocin) , ^^l — n7:7^->:/r (Neiirophysin 1)^ i^:/;^^:/^P 
(Substance P), — adj^nVA (Neurokinin A) ^ W^^'^'f- VY. 

(Neuropeptide K) > Wi^^:?'^ K- y (Neuropeptide- y ) , ^ — n 
(Neurokinin B) . (Bombesin) ^ Y V Wi^^r/ =9- Y 

(Gastrin-releasing peptide), -^i; \y^l/ (Secretin). •=E-=^yv (Motilin). 

^ fvti (Glucagon) . y T ^ ^ y{ ^ ;V ^Zf f- Y 
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(Vasoactive intestinal peptide)^ lalZM^^^^^W^tii^^ (Growth hormone- 
releasing factor) . >r i^:^ y >' (Insulin) , ^ ^ V ^-^ M ^ ^ 
(Insulin-like growth factors)^ y-^Y:^^f-l^ (Somatostain) ^ "^S^Y^) 
> (Gastrin) . = U :^ V^=-l^ (Cholecystokinin) . ¥?1^^^'^ KY 
(Neuropeptide Y) s WM^)}^'^'^V (Pancreatic polypeptide), ■^^^ K 
YY (Peptide YY), giJW^W^iJaitJ^/V^i^SJcWH^ (Corticotropin-releasing 
factor) . ;«7/WSx h ^ >' (Calcitonin) , ^ /Vi^ h :/3t^^|iig-<y^^ K 
(Calcitonin gene-related peptide) s T l^^":^^ (Angiotensin), ^ 

yV'^:^l^ (Bradykinin) s ^HlkWtmW-^^^^^^Wil^^^^^^ (Thyrotropin- 
re leasing hormone), =^3. — xif-':^^':^ (Neurotensin), iJ'7=^>' (Galanin) , 
M'f^?i^^3ijs/V'=e- >';^tl4^/l^-* (Luteinizing hormone-releasing hormone) 

MtO-^— bTf:i, islet 1 (0. Karlsson fp. Nature, 344. 879, 
1990) ;5Sfe(f 
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(ii) nm^mm 

nB^^S^ilil, ^mfmS^ (neuron), T^hn-i^^h (astrocyte) io XXJ- 
=f-7=^:/ K^=1^^ h (oligodendrocyte) iC^itV 0 ^^t)^^ d^og 

X. 6 (Mol. Cell. Neuro Science, 8, 389 (1997) ; Science, 283, 534 
(1999) )„ 

-5 (R. Mckay. Science, 276, 66 (1997) )» UySi;55oTfct^^^:^fcti*:T-^-fe 

(iii) ^m'^i3^xj^mm<Dms^ 

^^i&^O^0^^^{Cj3V>T{i. Mjft^^Bill (primitive ectoderm) miz.m 
0k (primitive streak) t'^'^ici^^WT^ (neural induction) ;65gii{r&$ tt^o 

■Tfii'h^^^^mmt^^'m.tLX^X^m^ (neural tube) hfii^) ^ ^^fi^^i)^ 
-CHgffi!li-S6ALT#i^^ (neural tube) ^Ji^^-TS, ^^^IffiH 
(^Wc^^eP^iC-fiie-r^^K^SlJ^^-^RSAO^, ^m^^ (neural crest) ^Jl^fig 

■f-s. wm^^m^'r^-m<^^i^^^im^t>^^w^m%(r^-^-<x<ryumm 
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(brain vesicle) SrJI^fifeU. =^:^^{*^<7)^*-C«M^-:$i"^l:bTV^< o 

mitm^-Cslh^ y=^^y^^yi>fr-y^ (Sonlc hedgehog. "HkT Tshhj h B^-t") 
4 (Bone Morphogenetic Protein 4. JWT rBMP4j irBST) {-Ki^? L-W-fiai^ 

c^:i:tMJ<^iS^{C'(ie'f-S-7— HNF-3^ (Hepatocyte Nuclear Factor-3 
^, i^;^T rHNF-3/3j tPfS-t*) <£r^^ urvN^WM^I^iil^^M. W^l'-^IS 

aiJ/j^^ HNF-3i3 iJ:ov>r- 2 #g{C#^-t-6-=5'— Nkx2.2 ^IS^U-CVnS#0 

(Activator Protein 2. rAP-2j t B^-f) ^^3i.UTV^SJSB|^<i: LT^^ 

^iC||t?6:$>?fJ'l±iO®^-C'fc5 (C. Chiang fe> Nature, 383, 407 (1996); M. 
Bitgoodio, Curr. Biol., 6, 298 (1996))„ 

f^ffli-^s ^^^n(n^wm^mzm^-^^9tm'&.<D^=?-xtr^^ (j.m. Graff 
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Cell, 79, 169 (1994) ; A, Suzuki , Proc. Natl. Acad, Sci. USA, 91, 
10255 (1994) )o 

TVn;5 (C. Vaisse Pj, Diabetes, 46, 1364 (1997); M. Levinson-Dushnik 
Mol. Cell. Biol., 17, 3817 (1997))„ 

Nkx2.2 ^feigSiCdSVNT. ^^I'COMU^l^^bXVNSB^T'feS 
r Pj M ^^fi 5 T' <h P> tLT V N 5 
(M. Price b> Neuron, 8, 241 (1992) )» 

Pax-7 fi, ^*M^^^:*5V^-CW'fi!l$|5(C[S^UT^^L (B. Jostes ^, Mech. 
Dev.. 33, 27 (1990)). gagP<0#MJS& 5^(^*1]^. tfflE»f^^<D5^>fbJ^^}C*3 
V^TM^^tfJ^fiJSriia H^^-efeS (A. Mansouri ib. Development, 122, 831 
(1996) )c 

Ap-2 j!&^8.5 B:d^ir> 12.5 B(o^^:^mx\ ^mmm^t^tii^im^-r 
^tihmm<D^^t-^mmi^mm^^^m^m^m^xi^?> in. schorie b> 

Nature, 381» 235 (1996) x J. Zhang Nature, 381, 238 (1996) )o 

mmi^^m.i^mm'^micm-^-t^ ap2 ^^(D^^m^t b-c« pax-a t twist 
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(b) m^^mm 

^^^^mM<Dm^ (dermis) i^^^m^^tixisfo s ^i&Mtit. m^^m^ 

(b^J^'O. M^:^^^^^^i^\^i>^-^XMJ&M (stratum basale)s ^i^^ (stratum 
spinosum)^ (stratum granulosum) , ^^MM (stratum lucidum) x 

M (stratum oorneum) ^O^tj^feSo ^fi^<DMM t 'tr ^ "f- y y( 

;oh(D^m.m^^^mti>x^m^ti?>:. ^^^^^ 8 t 18 a?^^(o^m<D 

(R.G. Oshima^,, Dev. Bio.. 99, 447 (1983) )„ ^y'^^ 19 «J!&Jllc:*5tt ^ 
Jb^^flS<^-^^:^7— t (P.C. Stasiak&E.B. Lane, Nucleic 

Acids Res., 15, 10058 (1987))o ^V'f^l^ ^ t l^ \-i.^$L(D^mM^m^'r^ 
-t>^^ffllS(^N' — ^ U-CfflV^ (E. Fuchs & H. Green, Cell, 19, 

1033 (1980))„ ^i\:^(D^&Lmfk\-±^y^/'^^ V bmth.. m\:.\^W\'^^y 

5 14 (r>^^iiim<P-\^^t>K)K^y'r> I ^ 10 (^igm/5s_h#i-s (E. 

Fuchs & H. Green, Cell, 19, 1033 (1980); C. BaguttiP>, Dev. Biol., 179, 
184 (1996) )„ 

(4) ^mM^mx(Djm.^m^<Dmm 
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mm (single cell) "eignsr^Mu. mmvxmm-r^ ^ txh?>. 
m-r^\a-i. mm^mm(Di^mi^is\.^xmm(Dm^^mm<Dmf^icm\^^ibin^ 

m^^fc^^^<D^m:ijmtnm^^ic^x.:^^m^-t^h(r>X'i>^„ cir-c, ^ 

—300 #fflilS/cn|2-efc5„ 

A-Dfzmmmi^mmfj:mmm'itm m^it, im edta*3J:t>* 0.25% h v ^'y^^ 

^^t?PBS) ^n^. 37'C-C^+5^r^, ^:?^b<f^ 5—20 :$>^i##-t-§„ 
^^^m.. '4m.(D 2 X*^iSlUrci#ifi(r^^U. 3t'i>Sfef^ m7i.\l^ AX,. 200Xg 
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y V • T • — • •^r^^T/l'; Methods in Enzymology, volume 

225, Guide to Techniques in Mouse Development, Academic Press (1993) ; 

^i^hifhtl^. ^tc. ^ijfDL^tJ^^i-^,- ^^jpTlg-C, -^il^f^, Dulbecco MEM 
t^mz. 15~20% (^KNOCKOUT™ SR (GIBCOBRLthM) . 2mMi/>'V^ 5: 100// M MEM 
Non-Essential Amino Acids^^Sx SOU/ml-^^i^ U 50U/ml;^ h^y^h-^-^ 
i^ly^ 100 At M 2-^Jl':^yY::3L^ /^/V^ 1, OOOU/ml LIF:^;[in;l^J€tlfi^ 

6 (M.D. Goldsborough b s Focus, 20, 8 (1998) )„ 
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^BiSi^iife * (1^835^ ^^(Dmm,^mi^%mm K^^mm-r s {j: . bmp4 

~8 J: i!)^lf^U< 4~6 0^), shh'^BMP4 i£r'^tpi#ifi^fflV>-CjiS:i^ife 
(5) hn— v^BS^^T-TfcO:^!! 

^^^MB35f*$^^Ba^) . ^if ^ b < io'~i ^ u J: ^ U < lo^~io M 1 
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n(Dimm^m\^m^^hf\.^'7 ^ /i^'^'—^m^^^xwium^mxxi^m-t^m^-A'^ 

tt. ^ >:7-u:/;^/i.5^-Y — r >'i^— h , NuncTC-T i^i^- h 

(Nunc^±$Si) , CO-CULTURE U "7 ^ ■r~-^±W . JVtl J\^^ ^ 

— h {-7 r J^^^-y%M) . ^=^^ ^-y^^^c^^^^— (Neuro Probe Inc. tt^) 

^tta!<7) 2 T'Hi^bfcigittl Glasgow MEMt-gifel^ 10% KNOCKOUT™ SR 

(GIBC0BRU±M) > 2mM^^Vl-^? 5 50U/ml^— v-y i^,. 50U/ml;^ h U-^ h-v-f 
v->'. 100 /zM MEM Non-Essential Amino Acids?^?^, ImM tVl^fV^jo i; 100 

^ hci—rm^mBm^tix\.^^mm^ m^it. ^wmi^mm-7v 

mWrmm/cm\ $?*L<(i 100 mWcm^ (7:>rm^^&XWmL-. 5~20 0 

Fb^. L< 7~10 urn 37°CXm%. L< 5%(D-^^b>^^^il^L 

tiC0,4:^^=^-<—i^-\zxmm-r^:^m^hif^:it^'^x^^. 
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^ 2 X-mMl^fcmi^ (^ij^f^. Glasgow MEMi^ltil 10 % (D KNOCKOUT™ SR 
(GIBCOBRLliM) , 2mMirV^^ 5: ly ^ 50[J/ml^=^-y V 50U/ml^ h h'^'-r 
yiy^ 100 nU MEM Non-Essential Amino Acids?§'f^. ImM tVU t:' 100 ^ M 
2-7<y^;^^ yl':fcJ:t/ 0. l~100ng/ml, B^l^<it I'-SOng/mKT^^g^ 

^?*L<{± 100 *fflJiS/cm2 CDf.fflJ§S^-^-eft|ffiL. 5—20 $?^b<{i 7~10 

Stgit&'t' {-0P9 J^ffllS (T. Nakanoe>. Science, 272, 722 (1996)). 
NIH/3T3 « (J. L. Jainchillb. J. Virol., 4, 549 (1969)). :^/c{iMC3T3- 

G2/PA6 mm<Dt^m±m^mu bfct$±&^fflv^5 ^ t x\ mi±m'mm:^^h^mm 
m^i^t^^ h^—^mmt^^mmi-^i-tt>'oiz.^ mm'^i,^op9m^. nih/3T3 

MC3T3-G2/PA6 ^ IS (H. Kodama ^ , J. Cell. Physiol., 112, 89 
(1982)), SlO'm^ (G. Martin, Proc. Natl. Acad. Sci. USA. 78, 7634 
(1981); M.J. Evans^, Nature, 292, 154 (1981)). ^ fc{il^j,?^0m$*8l*i 

i-^=-\^'=LU^y^^ i^i^f • ' -^ry :a ' a^i^y ]) yi- . t ' ^yi^'y hi) 
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(6) i^^y ^ >m^m^^J:\^^t^^ 

(^it^i^mm 2 M^it^mx (1992)). io-''^io-%oi/i(Dmmmmmp± 

<t 75s -e # 5 fc i6 Wffl -tr S o 
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(8) tm^ 
2. mm(Dmm 
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^^i^M^tVXi-i, Bm^m (Proc. Soc. Exp. Biol. Med., 89, 362 
(1965)), BGJbig-Jife (Exp. Cell Res., 25, 41 (1961)), CMRL 1066 i^ife (N. Y. 
Academy of Sciences, 5, 303 (1957)), Glasgow MEMi^J^fe (Virology, 16, 
147 (1962)), Improved MEM Zinc Optionj^ife (J. National Cancer Inst., 
49, 1705 (1972)), IMDMi^iffe (In Vitro, 9, 6 (1970)), Medium 199 i^M 
(Proc. Soc. Exp. Biol. Med., 73. 1 (1950)), Eagle MEM:^ifi (Science, 
130, 432 (1959)), Alpha MEM^^ (Nature New Biology, 230. 310 (1971)), 
Dulbecco MEMi#:H^ (Virology, 8, 396 (1959)), ^^AJtlffi (Exp. Cell Res., 
29. 515 (1963); Proc. Natl. Acad. Sci. USA, 53, 288 (1965)), RPMI 1640 
(J. A. M. A., 199, 519 (1967)), Fischer sJfi^j^fe (Methods in Med. 
Res., 10 (1964)), McCoy' sJ#:Nfe (Proc. . Soc. Exp. Biol. Med., 100, 115 
(1959)), Vr J^y^E^m (Exp. Cell Res., 69, 106 (1971); Exp. Cell 

Res.. 89. 139 (1974)), ^3 itj?^ ^xibco^gj-^itite/j; if, mmimi^(D^m\^m 

• ■v;=:3.7'/^. Methods in Enzyraology, volume 225. Guide to Techniques 
in Mouse Development, Academic Press (1993); ES^JjgSrffl V^fc^^•x' iJ? :^ 
(D^m^\Z.^i(^(Dm^m(Of:^^(D1^^^ m^\-f. m i^m. M16 Whitten 

mh\.Xm\'^^:Ltii^X^^, ^<DM.W^^t\^X. miSOKNXKOUT™ SR^aS 
t^X^fcmiSL^^ik (M.D. Goldsborough ^ , Focus, 20, 8 (1998)), -^y:?^]) 

^■imxiv^yp^y i^^mi]\^\.i^mM.mmm (^jx.{^,,cho-s-sfm ii 
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(GIBCOBRLl±^) > Hybridoma-SFM (GIBCOBRL^tM) ^ eRDF Dry Powdered Media 
(GIBCOBRL is ) . UltraCULTURE™ (BioWhittaker ^± M )) . UltraDOMA™ 
(BioWhittaker ^± M ) . UltraCHO™ (BioWhittaker 4± M ) . UltraMDCK™ 
(BioWhittaker?±ig)) , ITPSGJ^itfi (S. Hosoi ^ , Cytotechnology, 5, S17 
(1991)). ITSFni#tf!l (A. Rizzino and C. Growley^ Proc. Natl. Acad. Sci. 
USA, 77. 457 (1980)). inN3 (S. Okabe^,. Mech, Dev., 59, 89 (1996) 

fj:ti. mmm^com^^mni^tim^ m:tf£. #titt^5®M*Bj5^psAi o 

^^±^^^;fiD (G.R. Martin. Proc. Natl. Acad. Sci. USA. 78. 

7634 (1981)). ^^(D 4 iz.wM(Oy^ h ^—^m^(om^±^^^t^i^m. 

BMP4 %#tfi#J*. ^^cf^M^e^ta (^J;^{^. CD-CHO 
(GIBCOBRLtt®^) . PFHM-II (GIBCOBRL%h^) . UltraDOMA-PF™ (BioWhittaker%i: 

±fSl.(2) X-m-<fc (a), (b) ^^XJ^ (c) (Dm^^mSk<Di^m^^M.i^^ 

(2) i^msk<om^m^m.vtzm^^m^(Di^m 
m%mm!^ms^(Di^msk<Dm^m$. lie^;^^^^<^p^ i^tcm^. wiimut h 

(Nature, 385, 810 (1997)). Cibelli ^ (Science, 280, 1256 (1998)). 
mh (m^U^l^mm. U, 892 (1999)). Bagulsitp (Nature Biotechnology, 
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17, 456 (1999)), Wakayama^j (Nature, 394. 369 (1998); Nature Genetics, 
22. 127 (1999): Proc. Natl. Acad. Sci. USA, 96, 14984 (1999)) , 
Rideoutlllt^ (Nature Genetics, 24. 109 (2000)) ^iC^^XWi'^ttlit:^ 

^tr^i^i-S'(ftl^om^^&^UTV^S^ifi^, 5-30%, 0^U<(* 10%<^ 

0--l%. ^(f*b<{^ 0.5%cD^!>^/Ji^i«jfiL?f&'^tf^^^i#Mfe(c3Sx.T^ 
i: -C^Mjl^^#:Jh^5|^|g (GO U < fiGl ^) tc^^-f-^ i i r- 

^m^t-r^zti!)>x^^^ ::L<D:^mit.. m^wimK m^i-£^yi^. -y^, ^ 

«iAb. ^^m. 0-^i.<i^m 1--6 ^mfBmi-^:LtX'^m^ti-^:it7!}>x 
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mmm^'^O^^ ^ J^m^^^mmir^:}j^t i.Xn. Molecular Cloning, A 
Laboratory Manual, Second Edition, Cold Spring Harbor Laboratory Press 
(1989) (Ur. r^l^dr^^-- ^^^^.^jf^ 2 mi tm-f-) ^current 
Protocols in Molecular Biology, John Wiley & Sons (1987-1997) (,&,T . 

V ^zyy^'rJ>> (Genome Systems&S^) "^Universal GenomeWalker™ Kits 

(CLONTECH?±M) - :^6ljJH5d^cDd^y isit-g^ ^Sr^il 

^V:/^ 2 ^) -^PCRjfe (PGR Protocols, Academic Press (1990)) ^;iSfetf 
J; 5l€CD^J!a-.<7)5^>fb Sr^^i" 5 Stt UX V NKf^ V N-rtu ^> ^ V N s 
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m 15 (5) T#P>tL5^N^y y K— ^ PERM BP-7673 tm^ir^^y ^ ci— :^/^ 

(b) SIHM-r :^;^S5|$OSTO^J!1S (G. Martin^ Proc. Natl. Acad. Sci. USA, 
78, 7634 (1981); M. J. Evanses Nature, 292, 154 (1981) , 

(c) ■r^7;^J5&i^S3l5(^NIH/3T3 (J.L. Jainchill^, J. Virol. , 4, 549 
(1969)), 

(d) M-CSF;XM-^!>^^^S*5l$O0P9 (T. Nakano > Science, 272, 
722 (1996)), 

(e) ^ :^mMM^^<7> MC3T3-G2/PA6 m (H. Kodama , J. Cell. 
Physiol.. 112, 89 (1982)), 

(f) w^0'^itm^^vxy^^^:ik7!)mm^nx\^^^mi^nmsk (^^t-^ 

(Science, 284, 143 (1999)) :A^^^^tmUVnhtl^ h ti^-^ 

»5f fe{f s ^1 k ^s-e t -So 

±1504^^^, ^^b<«±|B (c), (d), (e) <D:^hu—^m^X-^<0. 

^<o»-^v<it (e) (7^:^h\=—^ms^xh^o 

MMM 15 (5) X'^^tl?>y^^-:fV PERM BP-7573 ^as^^-f^S^y ^ d 

— T^/^^^-e^S8l!$tL5;^ h o— ^^JlSfi, (Monoclonal Antibodies: 

Principles and Applications, Wiley-Liss, Inc., 1995; m^-^^M^W:, 

^ 2 mmm^, 1987) m^mm(D^i^^mj:mmm. ^jx.«^$t^$^^v> 
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:^-T ' hU— — ^T/l^; Methods in Enzymology, volume 225, 

Guide to Techniques in Mouse Development, Academic Press (1993) ; ES?^ 

*B^^^^-rSfc«)CO:fr^^^V>^^ 'b-e^. m^n^ Oulbecco MEM^ta 
(GIBCOBRL&j^) \7L l(i%<D t7 ly^]^iSLm (GIBCOBRLl±]^) . 2niM^/P^ 5 
50U/ml^^^/ y i^, *5j::t)« SOU/mlX h U:7° h-^r-f i^^^lB^f^L^-m^km^^X^ 

:d^x^^o ^tc. m^:='-^-y/>^i^hiz.m\^timsi^^mmti:m^tmm m^it^ 

0. 02%EDTA^-g-;?f., 0.05—0. 25% (7) ^ y >^ ^5 V>{ar iJ' 

PBS) -emfi^u-ciunxb. ±fa 2 -c-#^ns7|!:|gig<^i§ifi (^iixifs. ^tt^^ 
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mm iz.mm^^. m^m m^t:£. o~i%, $f^b<j* o. i%-if7^vT'=- 

^^m3iH='>yjl':iL:^h^mi^^X'm\^tcmil^^. l~100Mg/ml. ^if*U< 

raitaiL. PBST-ii!ciiii5fer^bs m^^m^^trnm m^it, o. 02%edta^-^;9^. 

m (^JXLf^. 0~1%, ^Ef^U<{* 0. l%-^7f'VT'=»- hUfcj^J^^^M) \C 

(D^m, mi^mm (i982). m^^m (i988). 

(^HUg), m±mf^ (1996) ^l^lE^(Z):^&$r^VN, WS^-TS 
h^^^{-:^-e^bfc}^jfe^, 200~5, 000 ^ h\ ^if^ b< 500—1.000 9 Km 
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mi^f'M^m^^i'^m^imm (^j^^tf. o.o2%edta^#;^^, o. o5~o. 25%(© ^ 

^-^•r 5 r ^ i: o X %P^T' t >5o 

(1987-1999) ^ Basic Techniques for Transmission Electron Microscopy, 
Acad. Press (1986). H^SP^M^ — h — ^ T Eg ^ tti iiS -fe" — 

(1993) m^t&m(D:^m^m\^\ mm-^^zt7!)^x^^, -^^^ 

-ei^Lfc»^, 4'CX% 0. i-'Soro, ^if^L<{l 1—10%. i:t)^^U<{i 3 
* L < 5 :»-rBl~i B^F^I. i >9 $f * L < {± 30 :»r^?lP PBSX^EliJfc^-r S 
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• ✓-N^;^av^ — ^ Monoclonal Antibodies: principles and practice, 
Third Edition. Acad. Press (1993) iUT . y ^ - T 

W Xj b^'T) ^ Antibody Engineering, A Practical Approach, IRL Press 
at Oxford University Press (1996) {^T . ^Tl^'^T^f ^ . =lt V 

(^>CHO^JSa (T.T. PuckPss J. Exp. Med., 108, 945 (1985)), =i 5/^(7 ^^-^c^Ji 
/Hiit:>^'^IES5l5«^MDCK$fBJI& (C.R. Gaushfj, Proc. Soc. Exp. Biol. Med.. 
122 , 931 (1966)); D. S. Misfeldt ^ Proc. Natl. Acad. Sci. USA, 73, 
1212 (1976)) > hm^^BS^ 3Y1 (S. Sandineyer^, Cancer Res., 41. 

830 (1981)), T:^]):^^ Kyi^VvW»*5fe<7)COSM (Y. Gluzman: Cell. 23. 

175 (1981)) ^^^if^tt^, :Lthh^^s^(D^xii^ svAo ^(D^m^^^- 
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ri'llJja (G. Martin. Proc. Natl. Acad. Sci. USA, 78, 7634 (1981); M. J. 
Evans Nature, 292, 154 (1981)). J; t) L < fi^ ^7 :^^ilS$f5(^N I 
H/3T3 » (J. L. Jainchillt,. J. Virol. . 4, 549 (1969)). M-CSF:^^^!> 
^gS^S*5f5<^0P9 ^J3S (T. Nakano^^ Science, 272, 722 (1996)). -^'^^ 
§IM^*5l5(^MC3T3-G2/PA6 ^J5& (H. Kodamae>. J. Cell. Physiol., 112, 89 
(1982)) ^fctt*6:ii:;4Sx«^So 
cDNA^-f':/^ y-^PSSi-r$;^fet LTfi. ^igco 8 t^lE«U/c^&;05fctf 

^WU-CV>/i:V>^Jia<^)niRNA^>^VN. 1^:/ h ^ ^ iX g (Proc. Natl. Acad. 

Sci. USA. 85, 5783 (1988)) 5r=ff ^SJoTf^i^L/ccDNA^-^ U — <^fflV^S 
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So 

H(-> hti-^-^mikm^om^it. j^^t^m mx.i-$. izoAm 
hti—^M^^rx'mBnM^$^mm^mxi^mLfzmmm^<D^^m^^ 

(1) ^{bp^^J 

s^^M(Dm^^m^]7^^t i^x^^-r^-h<r>x:htia. ^^'rti<Dmmxi>^^\ 

-r 5 tg;^ V N 6 ^1 <^ T-fcnf^ V S (T^T- feffil/ ^ S w i: ;6S-C'# S 
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m^^(Dmmz.^itmmi-^^i±m'7-Kiii^mmcm:s:i^m-t^^^^^\^x\^^ 

^Bmm^f)^t;:>^&.7fiUm^(Di^itnm-^\t\.x\±, bmp4 ^^t^z.tiimip. 
\^^\ 

(2) i^im^M^-^tj^mm 

So 
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^/i^ci— :^mM(o:^\>x:'-^ms^^mm-t^m^ 
^r^m^^^ibt^x^^o mm=k:^^mtvxm\^\ i^^mti^xm^^^tims^ 

^iX^-C?{C^#< ^t$tlTfe«9 (N. Itohbs Cell, 66. 233 (1991)). ^<(D 

mmir^^t:6>x^^o 
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(1) Tif y ^ n -'tJi^mi^cDi'fm 
S^-rS»]#i<t LT. -Y^. 3-20 31^(7)7 ^^A;^ 

(Complete Freund' s Adjuvant) ^fcfi, TK^ikT/U 5: = A ^VU', W 0 
l^:feSJ!^.cr)S-^(i. I mn(D^-^(Dm 1~2 3arHl*5#{;i 3~10 IhI^t^o #s 

■t^^t^mm^m.mi'&m mm-^^mi-^m (elisavs) : is^*p^fij (1975 

^ ) s Antibodies-A Laboratory Manual, Cold Spring Harbor Laboratory 
(1988) (J^^^T. rr^/^/J^T^V X'-T- ^ h y — • -v^^T/Uj tt^ir). 

X) m-^'^m-r^o 

:fe^J^.{cfflVNfc«(75Mmi5fe5>{i. IS{c:#< (T^^^cT^^fe^fflV^TsiMT- 
Jones ^(7);^fi (D. H. Jones and A. L. Matus, Biochim. Biophys. Acta., 356 , 
276 (1974)) ^ffll/^TPiHi-Sr iTi^-e^. ^ (7)*BflSflI^5>^ - h Lfc :/ U 
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(2) ^ y ^ o —r/i^1m:W(Di'fm 
#^nyiMiii5>c^MJ3S^ h y ;^-i^'fkTv^;xt>A^^j>^ (pH7.65) -e i 

(b) ■wmmms^(Dmm 

mx.lt. 8-Tif" ^'T — Vjft'l*-^'^^ (BALB/cS5fe) -frMffl^ffl^t^PS-XeSAgS-Ul 
(WT. rp3-uij i:B§i-) (Curr. Topics. Microbiol. Immunol., 81, 1 
(1978)). Europ. J. Immunol., 6, 511 (1976)), SP2/0-Agl4 (SP-2) (Nature, 
276 , 269 (1978)), P3-X63-Ag8653 (653) (J. Immunol., 123, 1548 (1979)). 
P3-X63-Ag8(X63) (Nature, 256, 495 (1975)) ^^ffl V ^ ^ ^ i 5o ^ItL 

h(Dmmmt. 8-T-fiy'T=->'mm (RPMI-1640 t^itiUdiJ'Vu^ ^ V (l.SmM), 
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2-}^ ;Vti-f / —J^ (5X10-'M), v^^^^-^-r i/> (lOMg/ml) ib^ctt>*4^ 

fl^i^jfiLffi (FCS) (CSU±^. 10%) ^mX.fz.i^m (J^T. TES-tMj <tV^e)) 

{c, ^ "bci 8-Tifi^'T=^^/ (15/^g/rai) ^Mx.fzj^m -^mw-t^-h^. 'mmm 

(c) ^N^:7-'y K— ^(T^f^M 
(a) -e5i#L/c^7L^^M^lE^<Jr (b) -e^^#L/c#MSM^MEMt#±til^/c{i 

PBS ( y :^®^z:-:f- h y A i. ssg. y v^— y(7 y a o. 2ig. 7. esg. ^® 

tK 1 y -y h/i-, pH7.2) -eJ;<gfe?^U. IS^^;^)^. in:#:M^|fflJ!S : -frMM^ffl^ 
= 5—10 : 1 \:LfSi^^r>U^\^. l,200rpmT 5 ':^f^'^'U'M\^fzM.. ±?t^^T 

o 

T\ lO^^yt^S^^fflilSfofc^. y ^5^U>^'^-r =1— /l^-lOOO (PEG-IOOO) 2g. 
MEM 2ml*3j:t/i^P< K (DMSO) 0. 7ml^?^'g' L7t^?^^ 0. 2~lml 

^ 1~2 ^WtedMEMt^M l~2ml^^[Hl?^i]Pi-So 
?^*Pt^. MEMt§±tS^^]P;tr^*;5^ 50ral{c/^5 J; 9 t-P^i-rSo ^mm.W.'k 
900rpm-C- 5 ':^Wi'&>L-'^m.^k. JL?t^^T^o # ^;|x/c«iij^<7)M^> 

(lES-*&ifii{c: t^^ifi^^'^^ (10-^M), ^?v^:/ (1. 5xio-^M) joJ:u^T^y7° 
y ^ (4X lO-'M) ^;!]P;tfc±giai) 100ml 't'(c:i^-/^i-§„ 

mmmm^ geytt^^ffl^u— hid ioo;ii/5^:-ro5>-ab. 5%co2^>-^^-< 
— 37°c-e7~i4 Brp^t-&#-r>5o 
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ir^i^. mm. \\L^^%m'K-h^\^^\-m.^mY.^mmxmM\^fz.^=7 y v~^fz 

(1 lUgfi. HTt^itil (HAT*^±&7)^^T 5 y y ^/^|^V^7t*&ii). 2 HJgtt, E 

(d) ^ t2—i-/]y^i^(DmM 

■7° y;^^VMS (2, 6. 10, 14-7" h 7 y > (Pristane) 

0. 5ml^IIS?SF^S-^L. 2®rB^gWlW^5) L/C 8-10 M^t^^-^^^fctt^— K 

-^^^{z^ (c) -e5it#bfc^B0^(7:)^y ^ C2— ^/i-^n:f$:M^^^^y y K— ^j^b 
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5X10^-20 X 10' iffl^/Ee^flifl^p^f^att-r -So io~2i Bm-^-^^-^y'v k— v 
t^myi^^itLfc-^ ^ ^/)>hm7k^u^L. 3, ooorpm-e 5 ^m^'b^mi^xm 

±M(D:^mx-nhn^'^ y ^ ^—rj\-^w-t\.x. m^^^mMm is (s) -e 

#btLS^N^^'y K— ^ PERM BP-7573 ^^m^-t^^t / ^ u—'TJl^^W-A^'h^f 
^— • ^"^'1' c/— , -^ty n— • t>'5^aK7^ .i' X\ T^'^Ti^'r-i • 
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m^Mt\^x\t.. ■7T-'y. mm. mm^. mwmm. m^mm. mmm 

Ttt, 5^;<f-v^T>-^^-r- v^>'- h y :7yl':^cii^^-fe v-.^ J^fe (Methods in 
Enzymology, 154, 3 (1987)), ^tt^J^i/T^^iJ^'T — v^^' • 7 ^ y — /l^ • 
ciciaJ^/UA (AGPC)fe (Analytical Biochemistry, 162, 156 (1987). Hf^lS 
9 (1937 (1991)) <f"7)Sfeff ^tL5o ^RNA7)=>^poly(A)* RNAi: LT 

raRNA^flMi-S:^&<t LTfi, ^ y =3- (dT) @^ibir/b u — ;^ ^ ^ U 
dr^^— . C3 — - ViJ^'H 2 W.) mi)^^-h^-fhK^o Fast Track mRNA 

Isolation Kit (Invitrogen i± M ) , Quick Prep mRNA Purification Kit 
(Pharmacia^tM) fj:^(D^y h ^ffl V ^ 6 r i: {31 j; «9 mRNA^Ii®i^5 ,t ;iiS-e ^ 

■So 

liMbfc;^ hn-^MmRNATS^bcDNA^-f y — &|^M-r-5;^fe<t LTfi. 

Superscript Plasmid System for cDNA Synthesis and Plasmid Cloning 
(Life Technologies|±^) , ZAP-cDNA Synthesis Kit (STRATAGENE%i:®i) ^ffl 
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-efctuf^. ^T~i^^^ ^^^^ K-<^^-^i/^TtiT"^{^ffl-e^5o 

Recombinant Phage Antibody System (PharmaciattM) ^ffl V S ^ <t "C> I^M 

:^£^iB.m^^^i^—i-iWM^'^^x^iL^m'^mx^^tmmc^ -fu^—^ 

^^^^ — ir bT«. 'B^iJ;;!?^. pBTrp2. pBTacl, pBTac2 (V^-rtL^^— y 
V;^" — A%hi!i) , PKK233-2 (Pharmacia ttM ) > pSE280 , pSE380 , 
pSE420 (Invitrogentti^) , pAX. pMEX (MOBITECttlH) . pGEMEX-1 (Promega^t 
M ) . pQE-8 (QIAGEN |± M ) , pKYPlO { ^ W\ ^ 58-110600) . pKYP200 
(Agricultural Biological Chemistry, 48, 669 (1984)) , pLSAl (Agric. 
Biol. Chem. , 53, 277 (1989)), pGELl (Proc. Natl. Acad. Sci. USA. 82. 
4306 (1985)) , pBluescript II SK(-) (Stratagene M ) ^ pTrs30 
( Escherichia coli JM109/pTrS30 (PERM BP-5407) i MM) . pTrs32 
( Escherichia coli JM109/pTrS32 (PERM BP-5408) J; «9 li M ) . pGHA2 
( Escherichia coli IGHA2 (PERM B-400) ^KjMM. #WBS 60-221091). pGKA2 
( Escherichia coli IGKA2 (PERM BP-6798) cfc 'OWiM. #^aS 60-221091), 
pTerm2 (US468619U US4939094, US5160735) . pSupex. pUBUO, pTP5, pC194, 
pEG400 (J. Bacterid. , 172, 2392 (1990)), pGEX (Amersham Pharmacia 
Biotechtt^), pET^>>^7^A (Novagentt:®i) #^felf ^ ^ ir /J^Tt -So 
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P^^u^-^^^ T7 :/p^-^-^(^. ;^Mffi-^:7r-v^^(cS5l5-rS:/ 

(P,,pX2), tac:/p^ — ^— . lacT7 ^n^ — ^— , let I:^n ^ — ^ — O J; 5 
y y — A,=g'g-ia^iJ-e*? 6 -f ly-'^'fViS y (Shine-Dalgarno) IB^IJ ^ ^ 

Y^-yh(owi^m%fi^m my^h-f. 6~i8 j^^) (ci^tiufc^T^^^^ Y^m 

?5^lfflaa<t L-C{±. ^v-mytTM. -fe^^TM. y-?^/i.;5;M> :r'^tv^y 

M^t^S-t'-S^^i^. -^'JX-fi'. Escherichia coli XLl-Blue, Escherichia 
coli XL2-Blue , Escherichia coli DHl , . Escherichia coli MClOOO , 
Escherichia coli KY3276 ^ Escherichia coli W1485 ^ Escherichia coli 
JM109 , Escherichia coli HBlOl , Escherichia coli No. 49 , Escherichia 
coli W3110 , Escherichia coli NY49 . Serratia ficaria ^ Serratia 
fonticola ^ Serratia liquefaciens ^ Serratia marcescens x Bacillus 
subtilis , Bacillus amyloliquefacines . Brevibacterium immariophilum 
ATCC14068 , Brevibacterium saccharolyticum ATCC14066 , Brevibacterium 
flavum ATCC14067 , Brevibacterium lactof ermentum ATCC13869 , 
Corynebacterium glutamicum ATCC13032, Corynebacterium acetoacidophilum 
ATCC13870^ Microbacterium ammoniaphilum ATCC15354^ Pseudomonas sp. D- 
OllO^^fctf 5^ <)r;)S-e^§^ 

(Proc. Natl. Acad. Sci. USA, 69, 2110 (1972)), H^^^^hfe (#§3 
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BS 63-248394) , ^ Gene, 17, 107 (1982) ^ Molecular & General 

Genetics, 168, 111 (1979) {CSE*!c(7);^fe^^felf § - <!r tJ^'-C^ So 

YEP13 (ATCC37115). YEp24 (ATCC37051) . YCp50 (ATCC37419) m^k^if^ :i t 

^— . PH05 — ^ — , PGK^n^ — iJ' — , GAPZf xii ^ — ^ — , ADH^a^ — 

^ — . gal 1 ■T'n^— ^— , gal 10 7" p^—^? — , t — b ^> 3 :y MSS-T^d 
^ — . MFa 1 ■:/c2^ — ^— , CUP 1 7°C3^ — i?— ^:§rfoif -5^ i75ST'#So 

^^^ffl^<J: LTfi, y ^^^u 5; -ir ^^.M, hy^:=^^ 

n^M, !7 ::^;?}- 5: -fe ;^M^(-M-t-'5^^^#). Saccharomyces 

cerevisiae ^ Schizosaccharomyces pombe ^ Kluyveromyces lactis ^ 
Trichosporon pullulans ^ Schwann iomyces alluvius ^^fct:f -5 CI t'A'^X"^ ?)n 

m^^^^ i^—(DmA:^^t bTfi. ^«:(cDNA^^A-r5;^^£-c$?ttf^v^ 

■rtlhm^^^S) ^ tt'^X^ . i^Jx.fi\ ^ 1^^:^ h u I/— 3 Vfe (Methods. 
Enzymol., 194, 182 (1990)). ^-y a^y :^ (Proc. Natl. Acad. Sci. 

USA, 84 (1929 (1978)), g^l^y^r^Afe (J. Bacteriology, 153, 163 
(1983)), Proc. Natl. Acad. Sci. USA, 75, 1929 (1978) tei!c(D:^fe^ ^ 
lf^:Lt^-X^h. 

mt^mm^^^t i.xm^^?>m^^^ii. m^^^ <^ ~ t i.x . mx.it. 

pcDNAI, pCDM8 (yi- i^^tW:) . pAGE107 (#§3^ 3-22979; Cytotechnology, 
3, 133, (1990)), pAS3-3 (#^^ 2-227075), pCDM8 (Nature, 329, 840, 
(1987)), EBV Vector (Invitrogen li $^ ) , pRc/CMV2 (Invitrogen M ) ^ 
pRc/RSV (Invitrogen^tM) , pZeoSV Vector (Invitrogen|±ili) , pcDNAI/Amp 
(Invitrogen^±$^) , pDisplayp (Invitrogentt^) , REP4 (InvitrogenltS^) , 
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pcDNAS. 1 Vector (Invitrogen |± ^ ) , pXTl (Invitrogen M ) , pSG5 
(InvitrogenttSSi) > pBK-CMV (Stratagenett^) , pBK-RSV (StratagenettM) , 
pAGElOS (J. Biochemistry, 101, 1307 (1987)), pAGE210 ^^^(f -5 <!r tJ^T' 

^^bii^-Q^. -t^-r V^^iJ'a^^jVT^ (CMV) (7) IE (immediate 

early) m'l5^(D:^a ^— ^ — , SV40 cD^^]^:/ c ^ — ^ — ^ h t=z /l^^ (7) 

SRa ^c^ — ^^fcff § ^ <^ ;e)S-C-t So "^fc. t: hCMVCOIEit-ST-CO^^/ 

?5Efe*fflJ5&,h LTfi. t hc7)?i;fflJISX'fc'5^-7/^/-< (Namalwa) Ji^ffllS, -^^/^cD^B 
IS-efoSGOS^i^. ^^r-r ^ — X • /^A;^^ — (7)^ia-Cfc5CH0|ffl^. HBT5637 
(i|#r?|0§ 63-299) ^^fotf5^<i:;05X'tS, 

(Cytotechnology, 3, 133 (1990)), ^) ^^"^tl ?V ^ J^i^ (#^^ 2-227075), 
y 3 >i£ (Proc. Natl. Acad. Sci. USA, 84, 7413 (1987)) 

• ■^U^3.-7^ — • — , Baculovirus Expression Vectors, A 

Laboratory Manual, W. H. Freeman and Company, New York (1992) , 
Bio/Technology, 6, 47 (1988) ^ClfS*^ ^ nfc;^&(«I i o ^:yy<'7'^^ 
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^;^fi{c:*^v>Tfflv^f3tLSit{K^^A'<^^ — ^ LTfl. pVLi392. 

PVL1393. pBlueBacIII ( <b (CInvitorogenttM) ^^^if ^ :i tt^-^-^ 
(Autographa californica nuclear polyhedrosis virus) Z. 

t So 

^A7i'-fflJ3S<h LT{i. Spodoptera f rugiperda (7^ M ^ffl ii5 fo 5 Sf 9 . Sf21 
(Baculovirus Expression Vectors, A Laboratory Manual, W. H. Freeman and 
Company, New York (1992)) . Trichoplusiani (D §P M J^ffl ^ T' S High 5 
(Invitrogenttili) ^^fflV^S r <h ;55-e^ S„ 

J>^m 2-227075) . y xK:7;ni:7 (pi-oc. Natl. Acad. Sci. USA, 

84, 7413 (1987)) ^^M^Z t-^^X'^ 

Ti^^^^ K. ^/-^^i^ifVi^ f^-T/u^^^^^— ^^fcff 5:i<^;e)S-C'#5o 
^ffl'/^T'bJ:<. '^J;t{±\ y 7^ ^7— ^ -^7^/^;;^ (CaMV) (D SSST'p 

{±*V^-rtL'bffl>/^5 r i;!)5-C-^. Ti:7-D/<C^7^ y r> A ( Agrobacterium ) 

(#l|Bg 59-140885. #^Bg 60-70080. W094/00977) . U iJ' hn/Jfl/— v" 
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H^iSfe (#gaBg 60-251887) s ^^—"r^^/V^l^ m.^l-m (H 
2606856 -i-, B;!^#fF0 2517813 ^^fo{f 5 ^ ^: ^Sl?^ 

^(om<D'^^m<t'^^. ti:^WzL, ^r/bv, 3 

'^um^mi^:i3j:z}^^<Dm<m^=^m\'^^:L 1 7!>>x^ 5„ 

^(om^ 3.0-9.0 pHo^sf*. mm,%it.\-fmm<D^. tj\^i^^) 
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trp-:/ u^-^-^m^^ /dim X. -< ^ ^ - -eff^ff L tiu±!^ ^ t^m -r^t 

^ffl ^ T ^ RPMI1640 i^ttli (The Journal of the American Medical 
Association, 199, 519 (1967)), Eagle (D MEM ±fi (Science, 122, 501 
(1952)). ^'/l^^ y =^^Mmyimm (Virology, 8, 396 (1959)). 199t^±til 
(Proceeding of the Society for the Biological Medicine, 73, 1 (1950)) 

mmi-i. il^pH6~8. 30~40°C. 5%C02#^£T#(O^#T-C 1—7 0 fB^^T 5 o 

m^mm^^^t y^xnhfhtz.m'^^^w-^i^m-r^t^mt i^xn. —m^ 

^nTV^-5TNM-FHi&±{fi (Pharmingeni±$!^) . Sf-900 II SFMi^tfe (Life 
TechnologiesttM) . ExCelHOO. ExCell405 (V^-r^tJJRH BiosciencesttiSi) . 
Grace's Insect Medium (Grace, T. C. C. , Nature, 195 , 788 (1962)) 

iiS"pH6~7. 25~30°C^(7)^{4^T-e. Bfmi 0 o 

*7t. ±^#^ie^^^{c:j^:CT, ^'iy^-^-(i^'^m(D^^m'K^i^m\z.mM\^X 
=tv\ 
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bT{i. — ^{d-f^ffl^nrv^S-A^ v-y • r > K • i/' (ms) mm. 

h (White) tgife, ^/ctt^tLibt^^tc::^-^^^^. i^-T h>{7-r-:/^. 4fi 
±$«tt. ii^pH5~9, 20~40°C<D^{4=T-e3~60 BrH^^T^o 

Jif2(7) t , *^0^{^*5itS;^ h v'|ffl|Sy^)^^S^MUfccDNA^la^iA^• 
(1987) mi^^^htvx\^^^mm:^^m^m. t>'^5j?7=vx-t-^ 

^ >' v^— T y >':?^\ Int. Immunol., 10, 275 (1998), Exp. Hematol. , 25, 
972 (1997) mi^^^htlXh^ ^7 u hy-^ — ^fflV^fc^?£. ^fcfi 
7 o — . r X\ T^-f^Tj^r'-f • oi^' i/^T y J. 

Immunol., 141, 2797 (1988) mi^J&^htlX ^ y^^^^ ^^W:^ ^if ^ ^ t 7i'^ 

2 Ijg^;^ h • y^o h zi— yuX • ^ • ^ l/:Jf 3. • /-^'-Y v?— , 
Mol. Cell. Biol., 8, 2837 (1988) ^{^tfigcC^ii^CO 7 T — v'-<i^ ^ — , Zf 
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mm 100~1000 a) ;?)^^/^5*a{^7"-yu^ttb. s^t-r^MM 

10~100 m) (DcDNA^^hf£^ 

(Sanger) ^ CO i/T^'^^ (Proc. Natl. Acad. Sci. USA, 74, 
5463 (1977)) -5 V^(iABIPRISM377DNA v^— ^ (PE BiosysterasttM) 

LTfl, ^^-^'-r ^ — XVnJ^;^ ^— ^PMS5l5(7)CHOr^aJ3g (T. T. Puck . J. Exp. 
Med., 108, 945 (1985)). T -7 ^) -fy ^ K y if /I- W fti * * CO COS r^ffl (Y. 
Gluzman. Cell, 23, 175 (1981)). =i y tl :^y<=-^/vmit^B.^^(^M)CY.Mf^ 
(C. R. Gaush ^ . Proc. Soc. Exp. Biol. Med., 122, 931 (1966); D. S. 
Misfeldt^. Proc. Natl. Acad. Sci. USA, 73, 1212 (1976)), =7 y hWM:'^ 
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« 3Y1 is. SandineyerPj, Cancer Res., 41, 830 (1981)) i^lhVfhi^^. 

mwm^mm^. m^^&m^ims ^x^i^^zfu^^^ -^1^^:^:^^^ ^^^^-r 

(Cj;5it;^^fes i^^^'^/UT ^ y =c'^/U (DEAE)-^Z7y^^:^. DIAION HPA-75 
Sepharose FF (PharmaciateBi) ^CO U v^^'^ffl Vn/c^'T h ^ 



69 



it^mmmMmm<Di^mmm^Ri^-tmm^wm'r^ ^ t r>x^ 

<. mx^it. ^j^^it^m. ^^T^^it^^. ^mit^m. w^it^m. ^e®, 

(Proc. Natl. Acad. Sci. USA, 92, 6733 (1995) ; Nucleic Acids Res. , 18, 
3587 (1990); Nucleic Acids Res., 23, 3816 (1995)) ^fctf 5 i: ^ii^lr^ 5o 
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Biophys. Acta., 1312 . 21 (1996) 

(2) mm^^m-r^mm 
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z^l^i;?::^-^ V ^"1^^ Int. Imnunol., 10, 275 (1998) ^ Exp. Hematol. , 25. 
972 (1997) ^{C3z6^e>tLTV^-5:7^— i?--!' h^— 

. T^f^Ji^T^^-X, T^^^y"^ - ^l^i^^^T V :y J. Inununol. . 

141. 2797 (1988) m{zm^^tix\^^^y<:=^i^^m. mw^m(omm 
m^mm (1996) mi^mm.(Oi^Bmm^(Dmmm^mmvf:^ms^^m^^^\f 

^nh^lS^M^^m^m^^^ B:$imm:^Mi(Dm^<D lOO ^(D i~i >fg^(0?S-g 

xm^r^. * u < « 2 ^rpi^^-t--5;^^^feif 5 t x^ s„ 
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m-r^ 9.(4) cr);^^(::J:(3j|^iti-5;dS, t l^i^tCifiLft^l^'r /i-^ 

CD 1. (3) Kmm<D^'&i^Jz(D'M^'7-^^m vtzmm^imsk^m\^^^ :i t x-^m 
^fc. tii^(^) 1.(2) iz.mm<Di!^ms^(Dm^i^^m.vtcm^^mfi^^m\^^x^ 
m^m^^^itt^x^So :L<oi:^/s:mA(Dmm^. ^(om^^t^^mmmt 
ti^xiy^mx'^^, ^^i^^ ^<tm^vitmm^:Rmi^^m'r^:itX'm^t 

m\^^zt ii^x%. ^isr ^ {w^:}xJeti.<D^fii{^iS \^fc<tk^<D:}^mtm htvx 
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bTfSs Nature Neuroscience, 2, 1137 

(1999) ^J^fBiSCOS^fe^S^tf tV-So 

m 
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(4) mm^^m-r^mm 

So 

^mm^^(Dmfi^(r)mwi^m<5<,^mt\^xi-i. Mxeco e. (2) ^ie^co^s 

m^^mS^Xh^ESmmnBS (H. Niwa ^ , Nature Genet. , 24, 372, 
(2000); ^^B^:?^^^^^!?:^^^^]^!!!^^^^ ^g5fr^1#drJ:t5.m^^i^y^l) t 

h a— ^J3ej}a-T?$>-g,MC3T3-G2/PA6 ^flg (H. Kodamaibs J. Cell Physiol., 
112, 89 (1982), SIT. rpA6 ^i&-r) '>^J3&i^^<-ti#|im*i 
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ESMEBB l^^^it!\^m&oyri^--^^ (0ct3 zfu^—^^ ;E. Pikarsky 
Mol. Cell. Biol., 14, 1026 (1994)) Tt-m^Jjiif^^iijt'G^Blastocidine- 
R/65^^i"5 <£ ?{C3t^^^A$nr*5!?, Blastocidine20Ag/ml^^JPLT 

ES^UB&EBS f:±, Dulbecco MEUH^mz. 10%<^4^J8^]^jfiL?t (Fetal Bovine Serum, 
ES Cell-Qualified; =7 ^ ^ y :t V =^ ^ /l^^^'^^tM) . 2iiiM^/V'i$' $ 
100 juM MEM Non-Essential Amino Acids^^, 50U/ml'^:=.->' y 50U/mlX h 
l^-T' h-^?'^ e^V, 100 AiM /l^:^zf h=^^ y --/^^^ iSXXJP 1,000 U/ml LIF 
(ESGRO Murine LIF ; ^ 7^ 5/ ^ y ?i :/ /l-W^^^±m) ?r JUP ;t /c:*&ife ^ ffl 

-^^^ . T . •^^^ h V — "^:^^TMztEM<D:^mK^-^x^ 

PA6 mm^. 10%4^fl^l^jk^ (GIBCO-BRLl±iSi) ^"g-tf a-MEM^«fiilrffiV\ 
3Et,o:^fe (H. Kodama^^ J. Cell Physiol., 112, 89 (1982)) iZ^oXi^ 

mFmS^a. Dulbecco MEMi^JfelC 10%<7)^{|^i«jfiL?t (Fetal Bovine Serura, 
ES Cell-Qualified; ^ ^ y ^ :t V ^ ^ Z^^^^^^tM) . 2nM^/\^-^ ^ 
50U/ml-^=-:xy V*5j;tJ« 50U/ml^ h l^T' h-^^ -»'S:^JP^/tt§±fe^MV^, 
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m^m'^. PBS(-) ^^VN-C 2 (HltJfel^bfc^. ImM EDTA*3j:t;f 0.25% h y 
^^^^tpPBSC-) ^;!jP;^ 37°C-e 20 ^^i^ilU/do mmmm^. Glasgow MEMl^ 
itfel^ 10%KNOCK0UT SR (GIBCOBRL^fcM) . 2iM^/\^^ 100 m M MEM Non- 

Essential Amino Acids^^g?, ImMtf/WO'®?, SOU/ml^^-^y 50U/mi;^ h 
u7'h-^-<ix:/j3it;5 lOOitfM ha^iJ'y— /i^^Ap^ytJ^ilfc (J£;^T^ 

ht>tBi-*-T?3^Lfc*iBi^^. PBs(-) X' 2 mm^^. ±m(Dm]SsLm^ 

JiSEBS ^ 10—100 ^Jfe/cm^OJSHM^r-fl|@U, 40@.6Bg.70 @ {C^3|ff» 
^j;teJliL?t^±(fi§r^V^T^g:^^m^^TV^, 37°C-e 5%O-^{bj^3^^3SMU/cC02 

Mpl 30 la^eu/c^jte^x ft*6ti'Jf#S5'^— -efc^NCAMtc: 

>5+-rsJn:f2|c (Chemicon^tti. i^T. r^NCAM^#:j tm-T). #,^#^6<J/^-^ 
>-;^7-T'fc5iJ^9;^III/3g=-^->^y i^{C^-r5^#: (Babco^m. ^JiT> ^ 

Using Antibodies. Cold Spring Harbor Laboratory Press (1999) \Z'^WL(D 
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m^MT^iyi^ (Cheinicon^±®l), ^ U ^'f^i(jte#^<?5'^— ;i(7 — t'^ SVAchT}:: 
*fi-S^i* (ChemincotJji) , GABAf^tli'tt#M<7)-^— ;«7— -efe6GAD(c:?5j-r:5^ 
(Chemicoti^hM). -fe" h = >"(^l&'tli^^j^CO-^ — 5 -fe o h^i^tJl^^f 
■f-^^^ (Dia Sorin^tM) ^^VNf^y /l^T KU:MJ ^-WiS*^—:^ — "efcS K 
i^i3 7j<:^'(l:^3!l(r^-rS^<^: (PROTOS BiotechttiSl) ^fflv^T:^3§^fe 

^ 1 ia«PA6*iaj5S^<^*it^<^^:^s Wmuytauc^;— ^ (A) ^CimiW: 

(B) ^^^--^y ^fet^*:. (c) ^^;^^v^^-e^feb^5S;^&^ufeo 

±5Z&<7? 1). 2). 3) <^^n^tL(7)^#T?*^^Srff-P^X 160 ^Jc-tSo 

Ls mm bycik-c<7) =3 p ^-co^fess^^grgimifeT'mm-t- ^ r ^ o -c 
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mM<o=iu cn^-o 90% (n=i6o) 1 mM^^-t^ 5 \^mMmmi±x^^^it^ 

mo thPS^'^mi^xh^it^ 2) (Dm?mf^b(O^^^X\t.^Mt^ 

"^mmc^^ vfz (89%) (mzm)o pa6 mjjs i: esjns^ebs t (D^^m(o^^^^ 

^<0Fh^, y/VT K w-i^-y ;i;--C'*)S K-^n-^ >'/3;4<l^^b;^^jl(^:*|■i- 

— —-C-fc 5 VAchTi^(^ 3 « 5%, GABAf^ldtt^M*^-^— — r-fe §gad 
(C^I^O^n;^— (il5%, -few h=^VlCl^i40=ii3c^— H4%X'feofco 

ES^jjSi: b-C<-t^e<JJ^^ 129 ^-^^ :^m^<DCCE^m (M.R. Kuehnbs 
Nature, 326, 295 (1987): ES^Sa^ffi V>/c^^-7 j:^ Of^^) $^ffiV^fc*J^ 

% -tie i: mm<D^^m^m' tt^o 

IIJ6^!l2 

mMM 1 {^fE^<D4ffijfe?ti#:te{C, 0. 5niDol/l<OBMP4 (R&D^) ^^AObfci^ 
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^fCs BMP4 m»PfflllfiL?titil6?f^l/^T 8 0TO#U;fc^. 10%^^!^ikm 
(GIBC0BRL^±§S1) 4r-#tpGlasgow MEMi§iffe}C2fi!^L, ^P^t^lS Bfyii§3|UfCo ±^ 

1^-^— ;^7— CfcS'J^^^:^ 14 icM-f-^^^ (Biomedia?±M) ^^VvT. 

ElOo — BMP4 ^gs:^IpmJ^iL^fi^ife^^ffiv^fcjt^"^«ES>^fflJ3aS5j5cD=Iac^— 
NCAM^^I^tt (m 5 I^D). t7i^^y^^^^mi^^i± (.m 5 I^IE) -e^oTt^iS, K 
i^^14<?)='ni=— ;eiS;i5^|giC: (980/o) ffi^Ufc 5 I3F)o <5^^^^^ 14 

|gH!4o=iciz^>-f±, BB4P4^^Dl^±t&$'ffiv^fc^-^^< ttimu/j:;&^ofe (^5 11] 

G) BMP4 ^PMJktt^i&Sr^v^fcii^^T'fa: 34%<z>^gS'T?m^U;/fc (^5 0 

H) o BMP4 mMmskm^mt:m\^x s Bpp^j^aiLfc^> loro^^jj&iMjfiLftsr-t-tp 

Glasgow MEMl#it&^ffiV>X$5>(C 3 B ^i^^ Lycit><^T*f*^ ^v'^l^ 14 i«<^ 
an:=-(7)0^ (47%) t> = a;=-(;)i^^Xt^{C^#fClt*Dbfc C^SlUDo 

fl^. ES^Mi: L-Cf^^6<]/^ 129 ^'^iJ'^SjfeCOCCE^iSa (M.R. Kuehnb. 
Nature, 326, 295 (1987) 5 ^%U^^^\^tzM^^ :^<r>*f^m Sr^V^^h^tig 
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mmm 3 

P^em^. MEFlB^, STO^BJia. NIH/3T3|ffl^. 0P9 Iffl^. CHOlB^. MDCK^SS. 

STOT^S^fiEvans ^jiiSfeg^ L,-CV^'5;^& (M.J. Evans ^ . Nature, 292, 154 
(1981)) tCti^oTlt* LfCo NIH/3T3 ^JiSfS Jainchill ^ j^Sfflgj L-T V ^ 5 
(J.L. JainchillP^. J. Virol., 4, 549 (1969)) dtt^o -Ci&# bfc^ 0P9 J^ffllS 
tt{4'^^75^f2i!c LTV^S;^?* (T. NakanoP^, Science, 272, 722 (1996)) (d 
t^oTt^^LfCo CH0*fflJIS{iPuckP?/5S|BigLTV>5:^i'i (T.T. Puckf>, J. Exp. 
Med., 108, 945 (1985)) Clt^go Ti§« U/Co MDCKf-fflJlSfiMisf eldt ^ ;iSfBg^ L 
TV^§;^fi (D. S. Misfeldt b > Proc. Natl. Acad. Sci. USA, 73, 1212 
(1976)) {:^Vi<>Xmmi^tCo 3Y1 |fflJ3a{iSandineyer^;6Sf5«cbTV^S;^?^ (S. 
Sandineyer^), Cancer Res., 41, 830 (1981)) Jdt^ o Ti^* b/Co COS^fflfiSfi 
Gluzman^Sfeg^i_,-CVN;g):fyfe (Cell, 23, 175 (1981)) {;iti§o Tt§« bfCo 

^Jfe^iJ 1 f::tfiii(D;^ffe}z:ttgoT. ±aif7)#i|«iESlfflJISEB5 8 HTfl* 
*rLNCAM^rL^-e:fe;^^feL. |^'l4tDES«S5l5(7) n - — (DfiJ'g-^ll-< 
fCo ^<7)5g:^. PA6 ^ffl^. 0P9 NIH/3T3 *fflJ!S(i. ^tL^'tl 95%, 45%, 

10%(Dm^m^^ L. ^tL^lB^ttES»}^^LT^J%/^^*S5^il^i|2*?gtt^ 

rc#arf;EBflS^. PBS(-) -e 2 [H]-i5fe?^^> 4%^^^■7;f /i-AT/U7="t K^?^^^D;t 
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m-^'Esmm<Dnmmm^<D^Ait^mm{:imm^titi^K syi mm. cosmm. 

^ho—^mm-i-^j^io-h. PAd'mm. 0P9mm. NIH/3T3 MEF#fflJ3S, SlOB 

(^D"p#-i- 3090. FALCONltM) ^fflV^7to PA6 m^-fe/l/;^7/^^^— T :/■^^ — 
i^mmi^timikmmm^mm\.tiEsmmEB5 ^ 4oo W/vit-^sl. ±az!i<7)FA6 
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Using Antibodies, Cold Spring Harbor Laboratory Press (1999) KtiWiCO 

PA6 ^lfi^^;ES^;iaEB5 t Sr^'^/w^— 6 E), :7 
<Sr^$/iVN-T?i^^Lfc:^-^ (^6 111, PA6) iCit UXl/S m^O^^T*fc6;6S, 

mmm5 

t \^xm\^\ :i CO y'^'-y'-mm±iz.EsmskEE5^ 2000 m/^^y->^xmmv. 
4 6 Be. 8 BSi^mm^mskmi^m^m\^-^xmm^m^n^\ st-ct- 

J#^CO^St:^:9-'fk:M^^H/c*IBj5a§:. M5^Ht ^^—i^-<Z>DiI (Molecular 
Probe^t^) m#^J|SfiCtieoT^3t^ii Lfc, =^^m. Papain 

Dissociation Systeni'^p- vy |s (Worthington^fci^) ^ffiV^, 
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=^ ^ =^-^x^ ^fci-f—m,t \^xy 4-y-mm:^^h^7^m[^. ^m^m\^^tzo 

^m^^X 300rpm-e 5 's^m^M't^'ML. . ^it:«I^LfcES*aSS^?rlE]ltXL/Co 6cm 
v'^^y'^^ 1 t^C^J; i^miR^tLTt^'fb^^ESMit^ 5az1 (Z^Nj ^^DGlasgow 
Wmt^m (Gibco Lifetech&M) {ClV?^^^^:, Tf5c7)^fi|}-ffl V ^fc, 

#4it:fc ct t/M#jji A Current Protocols in Neuroscience (John Wiley & 
Sons (1999)) 3.10 {^tE«cW^fe{;it^ o Ttro fc^ ^MH^i^S (":'- y 
<^"ttM) y^-e^^LfcC57BL/6 -^I>;^^@^b. The Mouse Brain 

in Stereotaxic Coordinates (Academic PressliM (1997)) {Cti^oT^^^^ 
?r g 1^ ^ L fc „ >^ Bff (75 K - ^-^ ^ > M ^ ^ ^ i- 5 /c i6 {c . 6- 
hydroxydopamine (2, 4, 5-trihydroxyphenethylamine) hydrobromide ( l^A T ^ 

re-OHDAj iv>9) ^PBStc 8 mg/ mi-e^jlf m^^/h;^/^ V>T. 

;^-e{± 3 0^. i^Am(Dmw-^^m'^^mmi.fc±x\ n^^i&co 26G/^^/^ 
h ^v^y >iy^m\^^xmm(Dm^i^'p^Hi&ic±i^(D:^^xw^mmi^^itm 

Wm(D'^'-10~X-h^^^i^lyy]^mtmmk^y^-r^^W (Chemiconttl^) t K 
— ^-^"^ V V^tK— ^J'— (d^-rS^TLl*: (Chemicontti^) ^ffl V NT:^5!s^fe ^ 

mn<D'^^W-P^\z.i6\^^x=^xn^^i^y\<^^i\:Mmii^'Cf K— ^ >- h 

-^^ilLTV^S^^?g,m^f±IE^(7) 40%aT{-/^oTt/>/c (n = 6)o ^tbtClM 
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-(Dmmmm^^^^i^mmi.. i^%umt^i:V) (n=6). ^m^^^v 

HM^'j 6 

1 [z.mm\^t^:)vmkzLm\ PA6 ^J3S^7^'— LTfflv^. ES 

Iffli^EBS ^BMP4 *?^;^n^jfiLmt^±te-e 8 BrBit-g^uz-Co -tf^ti-h. &cm(Dmm^ 
^<!:LTfflv\ r.(^:7^— |fflj}S_b{cESlfflJiaEB5 ^ 2000 5^ Trflia 

^(D^^ ibi^. 2mmol/l i^Vl/iJ' ^ Ixmol/l il' /U }f l^m. 0. lmmol/1 MEM 
Non-Essential Amino Acids^?^, 0. lmmol/1 2- /U:^ :/ h ^ i^ / —/l^. X 
m2 (GIBCO BRLttM> 100 \^WM^ 100 ^^(D 1 LfcGlasgow MEM 

t^ife (AiiT. TNj ??s;?]PGlasgow MEMt^ifej tm^i-^o ) ?rfflV> 4 0 r^^t^* L 

/do 

^^t°^ u^'r^ i^-if • lf' • • zn:/77-i; • r • ^aK^ h y 

— • — ^T/^{Cffitfe(D;^}'i{:I^^^/^ lO/z g/ml-v-f h^-fi/VC (MMC) ^^tst^ 
±& (±IEGlasgow MEMi^ife) 1? 2 B^Falt^^^tto/Co 

±B5t^*<7);i$^57-fii^2*^tL/cJ^fflJ3l3^. Papain Dissociation system^ 5/ h 
(WorthingtonttM) ^^,<i-#2fel(7);^&{c:t^^o -C/^^^'Y>'^^^S^^rS 

5 ^rHl=^y h^TV^. ?f^J^$tb/cESM**(D#=i it<b UT^ 
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:7 ^-^-mm-(b6^mi^tc)o =^^-~^^Mm. ='^^-^mf^-r^mm 

^mm^.m h l^—t~-<D Dil (Molecular ProbettS^) ^ffl V ^|^#^gi^:f (dti^l \ 
5Mg/ml CM-Dil, 4rag/rali:^Vi'=i — ;^$r'atpPBS^Vigl3-eS?a 20 ^^WSi^^^iirS 

r <b-e:^7t^i§5L/cio ^itt^. N2»Giasgow mm^m^m^^x^f^L. N^miiG 

Glasgow MEMtgitil 1 ^ U-?i^^ 4 X 10' 'fli(7)|:ffl^;5^-^^nS ct 9 (-Mi^ TfS<75# 

^^it^o J:D^^#3j^A{iCurrent Protocols in Neuroscience (John Wiley & 
Sons tt. 1999) 3.10 {Ctfi<fec7);^fe{;itJeo T^To fc^ ^fi^^g^^g (-:h y 
^'t±M) /^-C^^i$'L;rcC57BL/6 -^'>;^^@^L. The Mouse Brain 

in Stereotaxic Coordinates (Academic Presstt^ 1997) iZ^-oXl^^i^^iiL 

gi^^Lfco mm(D ]''—y<^:ynm^m.m-r^ 6-ohda^pbs{c sug/uixmrn 

L . ^ n ^ /J^ 7 ^ ^ ^ ffl T The Mouse Brain in Streotaxic 
Coordinates (Academic PressttM, 1997) J^tt^V >K''fIiJO|^^^{^ 1 ;^7^ 0. 5 m 
iTofi- 3 :tipjf ((A+0. 5, L+2. 0, V+3. 0) (A+1. 2. L+2. 0, V+3. 0) (A+0. 9, 
L+1.4, V+3.0)) {caAb/Co —^CD-^^y^-Q-a 3 B^, ■?iA<|iJC)ii#:^SSj!E 

^^Hi& (A+0. 9. L+2. 0, V+3.0) {z±i&(D:}j^xwm'mmcs^itmm^^fc 
Esmmn(Dnmm i^i^ 3 ^^r^t^n-xmAi^tio nmM^^ii iukdn^wim 

Glasgow MEMigiffi^SEAL/Co 14 ^ :^m^M-Mm'^l.. 

^ :y\^W]'^Wi^(D^'-id~x-h^^^iyi^7\<.mtmm\^^-r^^w 

(ChemiconiiM) t Y'—y^^l^ ^7 — Izmr^^W (Chemicontt^) 

mm(Di^^w-^\^^^^x=f-^uiy7Kmi\Mm^^xi > v 7 

— ^B?aLTV^5^^MI^{iIE^(75 15%l^Tt-^^oTV^7t (n = 5). 



86 



±i^X' 50%U^t^£otl (n = 5)o *7t. #fit 2 iirami-^aVN 

1 iztim(D:^m^^iji^\ PA6 ^Ji^^7^— ^JJScb U-C^V\ ES^I 
^EB5 ^BMP4 7fe?^;?]DMjfiLfft§±l!lT' 8 0rfl±g«L/Co ■rts:i:>ib. ScnKDlMi^* 

TfflV\ r(7):7^'— j|iia±{CESfflflSEB5 ^ 200 j@/7=~5'^>^-e»«L. 4 0 
@. 6 7 B @{CiJrli7'^4ffijfiL^i§±{^^^V>Tt$±tll^m^fTVN. 37°C-e5%(7) 

— ;?7 — -efo^i/-:^^ v^^' (synaptophysin) icMi-?)ifi^ (Sigmattti) , 

#M-b;^*EB^ (neuroepithelium) ^MIS5^5RC2 ^rC ft: (Developmental 
Studies Hybridoma Bank ^ ) . K H JSS ^ IS lis f -5 MF20 irC ft 
(evelopmental Studies Hybridoma Banktt^) , m C < ^BiM^&^i^:fS^^X ^ 
<7)^Ia7)S^^^n-CV^SPDGFg^ft:a:jy ctt/Flkl {^^"T^^ft (S.I. 
Nishikawa^. Development, 125, 1747 (1998)) ^ffl 1/ ^-CESyiiSJiSEBS i: PA6 M 

Es^sj!SEB5 irPAG mf>i^(Dm^m<D'^mtii^\^ti=i =-~(D{^ t Ay tii. mm 
m.^^~zfvi^ui^m'\^(D=iuz=.~i-itfi>'-rzfh-y^i^>^trimcx^xm^^ 

m^(D-^ — t>~Xh^PDCF^m^i^a. FlkK *Sctt)^MF20 izM^ ^^M^W-X'^ 
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J'jJ*^. ES»^ LT^t^fi*):'^;. 129 m'^^y^^m(DCCEm (M. R. Kuehnb. 
Nature, 326, 295 (1987); ESm^^m^^^itm^"^ ^ :^(Dffm) ^fflVNfc*^ 

^mm 1 i:Lmi^<omikm^mi^ o. 5nmoi/i(^)BMP4 (r&d^sis^) ^mjQ i^ti^m 
200 i@/T'5/z^:3.-citiiu, 4sg.60gs7 0 si,^mm^£i^m^m\'^x 

^E;<7 K^y 4'lffi^*faia*St§6-t-5MF20 ^TL^i*: (Developmental Studies 

Hybridoma Bank?±M) , 1^ l^- < »f'B5^}iS0iia{r j3V^T^<^>^m/55^a^ ^ ;}^TV^ 
PDGF^^^!|!:a*3j:TJ«Flkl iC^fl-S^**: (S. I.Nishikawat>, Development, 125, 
1747 (1998)) $^fflV^TES^S^BllSa:PA6 *fflfia<D*ig^<D^;Stiimbfci=Cic:;— 

— ^mM^mSk(0-^—:fy'-X'^^PDGF^S^ii^a. Flkl, *3j:tmF20 
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-r S ^ =3 u {t:^=3 13 5%iJiT ti^tAy i^m.^ $ 

i^/i;5^':^fco =B^-?T, BMP4 #^T. PA6 5^ffiJI&^<D*i#i^(wJ:5ES3isfflJia(7>#^W^ 

ESlfflJJS^ LT-ft^fi^J^S: 129 ^-^!i7^^^(^CCE^/i& (M.R. Kuehn^. 
Nature, 326. 295 (1987); ^mf^^m^^fcM^'^ t7 :^<DWm) ^IrffiVNfc^i^ 

xffiv\ ^jja_b(rEs*BJ3a^ 200 w-7*y->*-eitaL, 4 pg, 

6 Bg. 8 10 0 g(C0f]i^7tf:4SjfiL?S^it&^ffiUNri3»ifi35m^m\ 37'CX 

^L, ^o->>'7}c^'ft:^^. VAchT, GADs H?n h ^ Vir^-T^S^fzjsSrfflV ^TES 
*|flflSEB5 i:PA6 mtO*J$||CD5^:i:ffi3^Uyh=iB:=i-<0:fejg^-fe^fToyc: (n 
= 200)„ 

ESmEB5 ^PA6 mfkb(D^^^(Dl^^\m.\^tc.^^=^—<D0^. 92%^SK 
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:S-r5^{'^ Molecular Prohe^±(D^y hYOYO-1 ^fflV^Tt^^fe^tro/Co ^ 
ES»EB5 <i:PA6 ;i;ffl^(D#tjt^(7)|g^tt3^U/c:=i 13:=:— (n=20) 

h Lfc (n = 5050)o 

^ttl^ffl^. v->'7]c^<t:^^^tt|;CBJ3S(DfiJ'g'tt^tL^';a. 52±9%. 47± 
10%, 30±4%-efoo/Co 

T'^jo, ESmmt i^XiX^&^fj: 129 ^^'>;^ft5fe(7:)CCE^IS (M.R. Kuehnb> 
Nature, 326, 295 (1987); ES^BJIS ^ffi V ^ ^fflV>/c*J:$ 



MMM 10 

"Cfe^Nurrl (R. H. Zetterstrom ^ , Science, 276, 248 (1997)) jo J; t/Ptx3 
(M. P. Smidt^, Proc. Natl. Acad. Sci. USA, 94, 13305 (1997)) (DtM^it 

^7='-y '>^_hT-(S{^^ >- 7/1^:1: > h{c::^T-±i^L7tPA6 'm^^^ ^ 1 L 
xm^\ :ico:7 4 ~y~m^±^:iESm^EB5 ^ 5x10' m/v'^yiy^xmUl^. 4 
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±mmmL-tci^i\:mmi^tim8^:!rS XX/MMESmmiZioi-f ^ ^ Wurrl :fcJ:t>* 
Ptx3 (DmRNAU-</UT-(D^ii^1ttiJ-r5^(c:, -^^^^^ 12 0 <D|^I^Ii§|5^4^ 

h a— /u<t LTfflv^, ^#^{31 J;o-c#'&$nTv^-5;^?£ (Y. 

Sasaifj. Nature, 376, 333 (1995)) td^P DTRT-PCR^tTo fco i~7'^t?*3. 
IS?rPMbfc7^'5/>'^*5j:t/|&^ 12 B(D^^!^mU*^h. Trizom^ (GIBCO 
BRLttM) ^fflV^?3^f^■-^^^T/^^v:^^eoT^RNA^|^M SUPERSCRIPT 
Preamplif ication System for first strand cDNA Synthesis (GIBCO BRL^t 
M) ^ffiV^TcDNA^-g•^b/Co -^^L/ccDNA^M^TK^fflV^T 50 f^d^f^ b 
fc ^ -f^ ^ It ijSfid L -C ^ J: D S J^:^ (lOmmol/1 Tris-HCl (pHS. 3) , 

50mmol/l KCl, 1. 5mmol/l MgClz, 0. 2inmol/l dNTP, 0. 2 mol/ljtf5T-#^6ti:^ 
^-i"^— (iE^lJ^{>lt24!<;), 1 unit recombinant Ex Taq polymerase (S?@3s 

nm)) ^mmm. m^cx 3 ^r^^sj^^^it. ^v^T:• 94°c-e 30 m^i. 55°cx 30 
72°cx 1 5>rs^c7)H^^ ^/u^ 30 ij'/ixs^b, mm^ 72''cx 1 ^T-r^is 

J^^^it. 4''Ct:— 3fe^*#-r2>^#-ePCR^^TofCo I^S^c;?^^T:;{?"n— j</;^Vb^ 

^Nurrl m^^-^'y^'^—t LT. iB^iJ#-^ 3 i^^Xl 4 -e» ^ tb-SJ^Sffi^iJ^ 
^-rS^fy ^ l/;^-^ K^Ptx3 #^6^^T-f -V— <^ LT, iE?iJ#-^ 5 *3j;tJ^ 
6 ^■^^tL5J^SiB^iJ^^i-?)7f-y =i'5?^ K^G3PDHi|#^^:/^-r^— i: 
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RT-PCR5rtf oT^i. Nurrl *3j;-O^Ptx3 (^?|Smfa^ffi$H7j:d^o/co/eeo-C. 

PA6 mm, t <D^^m\^ ^ o -cm^nmmt^^mMmi^^itm^ ^ tbs {c#v > ^ 

ES^J5a^ b-Cft^fi^J/j; 129 ^-=^'^7^S5j5<^CCE^flfe (M. R. Kuehn^, 
Nature. 326, 295 (1987); ES^Ji&Sr^ l/^fc^^-^ "J^ ;^<^f^$g) ^^V>fc**& 

^JfiM 11 

Kenimerf). J. Biol. Chem. , 263. 8157 (1988); ^-^Sl^. H 

mm^m n^^^^t^-^^^z^rj^^. p19i^2oo (1990)) ^c^^^v^HPLc^ffiv^-c^ 
^JfeM 1 icte.ii^<D:^m:LU\^\ PA6 *Bl!a^:7>r— :^^~"7Neflai b-cffiv\ esj?jb 

J5feEB5 ^BMP4 7|5»^Jkftt§iife-e 8 BKi^llbfeo 9cmC0mi^ll 



92 



2mmol/l i^'/l^^ ^ lmmol/1 \fjV\f:y^, 0. lmmol/1 MEM Non-Essential 
Amino Acids^f^, 0. lmmol/1 2-^ /U;*' N ^ ^ 7 — yU, 0. 2mmol/l T'7^'=^J^ 
t'^'^. 0. Immol/lT" h 7 t K n t:•";<^^7^ y ^ (Tetrahydrobiopterin) . *d J; 
t/N2 ^?^.AP LfcGlasgow MEMt^ilil^fflV^ 6 ^W\\%^\^fz., MWI^HBSS 
(GIBCO BRLtt^) ^fflV^T 2 [Hr^ferf ^^tL/c^B^^ 56mmol/l KCl^-at? 
O HBSS^I^'t'T- 15 ^rB^i-g^b/Co 15^^. ±§«?^^[hII1X 0. 4mol/l 

5 ii^lg^ (Perchloric acid) joctO' 5ramol/l EDTA <!r 5 ct 5 tCfiS M"^ 

5 ±a!(75ES^!a<bPA6 U^}l(D^i%m^^'0'^ 100 :^?^ffll^^-g(7)ES*ffl^*5l5^ 

5; 2/(7):^S{i^ J^^g-HPLC^ffiV^TtMonoamine Analysis System (Eicora Corp., 
g Kyoto, Japan) ^fflV^-C^TofCo ^^^^ 8 

g PA6 #BJ3S<!r (7)#tig*{::J; '9fl3S't4i^*fB^^^b^^bb/c#^^fflJia(±, 56mmol/l 

(7. 7pmol/io« ^ffllS m>m^^^'M\:Mm) . ^fc. V—y<^:ym±mWXh^ 

DOPAC (3, 4-dihydroxyphenylacetic acid) ct U^HVA (homovanillic acid) 

'b. m^^j:mt^^tii^titc (^n^'n. 2. 5pmoi/io^ ^.fflfls iEsmmm^';^itrm 

m *3j:t>'4. Opmol/IO^M (ES»S5l55)-^t:«))o 

ti^oT. PA6 ri^^mt(Dm^m\:i^^xm^nTmm-/)^h^j^itmm^tifc\^'~y< 
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ESm^EBS 6 B S (Drnth^mm (Pre-streak 

epibiast) ^^e>¥^Lfe*fflla4rffiv^, mmm i fe5v>«2 icts.mi^fc:^m^'iit 
o rpA6 mm t <D^mm ^fro ito 

mmm i {v:lEm<^::^^fe{c^^§v^, pas M^-y^-^'-m^tvxm^^\ mm 
t \^xm\^\ r.(D^ ^ —dr^mfi^±icmm\^tcmt^^mmms^^ 200 m/f^y 

^fc. I^JSfeM 1 -^fflVNfc^ffijfiL^^iaiZ: 0. 5nmol/l<^BMP4 (R&D^dtS^) ^^JlJDb 
ytigitii^^VN, HJg^il 1 (;:|B$!cb/c;^&(Cti§o-C^|!ib:/S:^MirPA6 J^J^Si 

(JiES^aa^ 200 WT'5/t^i«--t?M«U 4Bg,6Bg, 7 0 B\z.^mti:i^m^ 
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^mvfcmii^^mm(omm»^^m^^t:.m^x*-h. esmebs ^m^^xn^tc 
^Mm 13 

tfco -O^, PA6 ^fl&iSr-sx^ y (GIBCO BRLMi) ^^t^^^X'^^l^i^^ 

PBS(-) f 2 ll]?5feJ^^/^^:7;i-/^isT>'V-r t K@^^ffV^, m^''^°^:7;j-/W 
AT/V7^t K@^bfcPA6 *tBilfeJzl::ESJiiaJ5aEB5 ^ 200 Wv^Ivi^a.T'^flSb. 4 
H @. 6 0 @. 7 B glJ:i|lf1^J'i:^Jfil?ti^Jfe^ffiVNTi^±f6^i^Srm\ 37'CT' 5% 

y y i^^flc, Si:^^;^^:^^^zjc^^v>XES;HBjjaEB5 i:PA6 ms^to^^^ 
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(R. S. Bradley & A. M.C. Brown. EMBO J. , 9, 1569 (1990)) 

mmm i {c:f2g^<75:^ife^;::^^&v^, PA6 ^i}S^:7^'— j^ffljia^ u-r^vN, es^ 

J5^EB5 ilrshh*5j:i>*BMP4 ^I^JJD LTV N/iVN4aifiL?tJtifit* 10 B^J&^Ufio f^J^ 

^■^itSL. 4 0 6 H 8 nn\^w^fm.isLmi^m^m^^xmm^i^^n 

shh<^^^(^. ±xe.tmm<Dmm:)jmx\ 4 eg. 6 bb. s 
<^^. 300nmol/l(^shh (R&Dtt^) ^wMi.timisLm^i&^m^^^:L bxv^m 

BMP4 ±.^hW\^<Dmm-^mX\ 6 Bg. 8 B g <^^«fi3S^(Z)^. 

0. 5nniol/l<^BMP4 (R«S:Dl±i!i) ^» bfc^jfilJtl^lfeSr^VNS <b X'M Lfc, 

10 0rpi*^^=^. ^M^j 1 \^^M<D:)jmz.^^x^fh^fi(Di^^i^mxi^m 

fSj^^O-s' — — -CfcS HNF-3 /3 jit -f- 6 fel ^ (Developmental Studies 

Hybridoma BankJ;(9^A)s HNF-3 5 {^:oV^T'^{a!J/5^?> 2 # B 5 

— -C-*)SNkx2.2 (Developmental Studies Hybridoma Bankit^llJ^ 
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A). #^'tirM<^-^ — — \cM-t^ifii^ (Developmental 
Studies Hybridoma Bank J: 1^ A) , #M^*WflS<^'^^:^7""efc6AP-2 t^^-f 
S^f^ (Developmental Studies Hybridoma Bank J: «9 ^1 A) . MWl^^&<D'^-' 
:*~"C$>6islet I iCM'P^^^ (Developmental Studies Hybridoma Bank J; 

(Chemicon^±$^) ^^M'ttm^^^X^ ES«^:PA6 M<^^*&#«^iS§ma:i^U/c 

shhfc5V>tiBMP4 ^j!H]{;:B|:bf5-fs ESJSej)SEB5 tPA6 mm(0^m^(D^^m^ 



^1 





Mm 


shh^P 






90% 


90% 


90% 


^tHNF-3 ^ 


70% 


81% 


9% 


i7lNkx2. 2 ^fls: 


44% 


85% 


19% 


fexPax-7 ^^^c 


30% 


0% 


72% 


^P-2 


16% 


0% 


24% 


^islet 1 Jn:f2^ 


82% 


82% 


36% 




36% 


58% 


42% 
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(Dm.M^> ^HNF-3 ^ i::oV 2 # @ iz^^^t 5 — Nkx2. 2 
b-CV^5#M^^<D^|&, Pax-7 ^|SmUrV^S#S1f W{B!J<^#SMs AP-2 :|r 

i§mL.-cvN5#M*i<^5ifflj!&. islet 1 ^^m.i'X\^^?>mmnmmiz^itm^ 

— HNF-3j3*5j;TJ^2.2 (0?tmm^*^m^^fl. W{a!|-^--:*^Pax-7 *3j; 

:^jr*5, ESmS^tl^X'fXm^ti:, 129 ^-^^ ^^^(DCCE^M (M.R. Kuehn^, 
Nature. 326. 295 (1987) ; ES«2:ffi V^f::^M^ CO-f^) ^^l^fci^-^ 

HWJ 15 

(1) ^mw<(owm. 

PA6 »^:fe3gJ!^,^ UXfflVNfCo PA6 5^1}a«, |^»J 1 i^lfS^ 

PBS(-) 2 lHlgfc?#^^> lOMg/miriJ^^-:^— ^ m?9Fj|i^^]|^) 0.02% 
EDTA^Sr-^tpPBSC-) mW^^MX ^TOX m ^^"^^X^ . 10%^J3&i^lktt (GIBCO- 
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BRLttM) ^^t^oc-mmm^MTLxr^^-i—Mowm^^^. looox 
g, 5 ^f^^'hi;^mt^z.tx'mi^i.f:i. ipjuzufcMt*. pbs(-) \^nm^m 

U^TJ«4r-C' lOOOXg. ^ ^m^>L^ji^mt^^hX'm^\^f:L, PBS(-) "C* 2 gi5fe 
?^L^c*fflJ!a 10^^®^ ImlPBS(-) Ic!^® L^fe^M^ UTffiVN^„ 

(2) ijb#)C9ife3g^eiT:f^M^^j?^jia<^)^i^ 

-T-^JiJ^^ hi;— • -^:=^^T/K p.99) 2mg:}3<fcTJ«WB«!^I7^5^:/ 

fco is-^ 2 M^m<t «9 . ±M (1) -eiiiiiiu/c^jjfe 10^ ■(@^ 1 mm\z. iihi. t^ 4 

mmi^timM^^Sm (Minimum Essential Medium) (0 7KM^ItM) ^ 

T'^t^U, h-t?{5CU 3S'L^^i| (250Xg, 5 ^htlt' 

ib^m^izhV :^-mtT>'^=^^J>.^m (pHT.s) ^^^bpb^ 1—2 

(3) mm:^mm^m (^•^-t^/t^^'^/^elisa) 

PA6 96 ^=>^/l^<DElAmzfU—h ^fc®l) C0€- 

^M-e 30 5>r^;^gLf=Lo ^T/U— 0.05%^V±^iy^^'^Ul^ (20) y/u 
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f^? ly^J '7^\y—V (ICI%fc^^Tween20 ti^p^p : fp^l^^tt^) / PBS (JL^l 
T. riween-PBSj ^ *tS) -^'-e^mk. ^^If =¥^tC^ h 

^i.y ^'dTZ-y (DAKO^±^) €r SO^x l/'i^3./^;!3Px.T^?a. 1 ^fmm.\^tz., 
I^:^!/— h ^Tween-PBS-e}7fe?^t^. ABTSSK?^ (2. 2-T v^y f^^. (3-^^/1-^ V 
y— /U-6-;^/U>t^>'^) Tiy^=-'^d^^ Immol/IABTS/ 0. lmol/li:^3i>^ 
^^yyr— (pH4. 2)) ^^JnL. 415nm(c:jo{tS?S^,^^^^— h y — — 
(Emax ; Molecular DevicesltM) ^ffl V ^T^|iJ^ LfCo 

(4) ^•>;^#Mlt»(^i^M 

8-T 1^' ^' T - ^Wt*-^ ^ -B-MM^ffllS^PSXeSAgSU. 1 (P3-U1 : ATCC =t 19 IS 

(5) ^>^7^"y K— ^(T^ftM 

nw'j 15 (2) -^Mhthfz^^ ^mmmtmmm 15 (4) -e#^tLfc#Mffi 

IfflJlili:^ 10: 1 {c:/^5 J; ^f^'&U. m'b^m (250Xg, 5 ^ffi) Lfc^ #P,tL 

y z3 — /u-1000 (PEG-1000) 2g, MEMt^iffi 2ml*D J; I>^i^y ^/L'^/U-t}^ =3f ^> K 
O.lmKDi^m^ 10'flil(75-7-^^mfflJ3Sfofc«9 0. 5ml;!]P;t. I^S^V^?^}^ 1—2 ^j^m 

m^m.umm imi^^^m^tc'ik. mumm^M^x^mi^^ 50mi{c/^sj:9(c:L 
t^mmm^m'L^^j^m ooorpm. 5 ^r«i) #bn7t^«®^(7)*ffl^^i^;5 

HATt^itfl (lO%^-^|^>,^lfcLft-^iDRPMI±g±lll{c:HAT Media Supplement y 
;y— ^WN-r ^l±M) ^^0;ifci§±l!l) lOOml't'ic:!^^-^ L/Co f»^f^^ 96 >:> ;n 
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37°c-e io~i4 0 mmm bfco 

t^m^ik. mm±m^mmm 15 (3) ',z.mmi.timm:^^w\^mx'm^. p^e 
mmi,:iR}t{^x i%BSA^-^tfPBs(-) (i^T. ri%BSA-PBs(-) J mn^tm-r) 

3^®(7)in:t hPA6lB^^rL^*:KM1306. KM1307, KM1310 bTto 

KM1310 m^y^^yv i^'—^'fmmw-i. ferm BP-7573 <^ uT^sfe 13 ^ 4 ^ 

H^^^»0< f^ltfm 1 Tg l#±t!ll 't':^||6 305-8566)) (C^te^ 

(6) ^ / ^ P —r/i^in:i$i(Dmm 
zfv^^^^'^mi.tz 8 KiHt-^'^^ (BALB/c) izMMm 15 (5) -e# 

P^tLfc^^-ry y K— 5 X 10^—20 xioVE^tL^~;JxflI^F^SEl+L/Co 10~ 

07K^$8^ (l~8ml/|ZC) LfCo 
f^07K=lria'L^5>il (l200Xg, 5 ^r^l) Lia?f^57-^l^* Lfco m^IgM^/i^ 

X V mm-t ^ t «9 5i#U:^Cc ^ p — :>-yu^7L^c^-y-y ^ ^ ;^ (ii^-y 
^^^^ t°>^^~>-;/ ^^fflV^fcELISAfei:IJ; 19 , KM1306, KM1307. KM1310 
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(7) Wc^ijii^W: (-fe/vy— ^-^P^It) i:iJ;:^Pk6mskt<DS.}t-^(^m^ 

— mmmmnm) o.o2%EDTA^-^tppBs(-) mm^^^ 37*c 

T' 30 ^m^^V. 10%^^!^ikm (GIBCO-BRL&$^) ^-^tPa-MEMittife^jSjOx. 

TT:^^^— ^(^f^ffi^ihj?). 4^0 -e 1000 xg, 5 ^mj^'Mmt ^ :l t -^m^^s, 

Lfc„ l5]JlXb/c^ffl/i&^ 10%^S^i^lb.m (GIBCO-BRLtiJl^) ^^tfa-MEMtMJC 
lXlO«»-ro 1.5ml f^^~:/{C:9"i^UfCo 5^?ib/cSWJlSSr. 1%BSA- 
PBS(-) loooxg, 5 2 ^?!;fe?^u/co fSe^ 

ts- i%BSA-PBs (-) ^m^mm u st^ct- so ^mm-f-^ - i: x-mi^^t^it^^-^ 

-r^fet?*?, ^f$:i:^fS^-grfcmSr lOOOXg, 5 ^m^'L-^m-T^ :^ tX-miU 
-^m^r^-^tf 1%BSA-PBS(-) l^micm^V 37X:X 30 1% 

BSA-PBs(-) m^X'2mm^^^ 2ini(7) i%bsa-pbs(-) mm^^mmv^/^T^^ 

-Tif- (3— /l^iS^— ;f± : epics XLsystemE) fCT^^U/^Co -^feT:#:t LT 

FiTc^lliiiT:^ 5^ b-r A/ (Fumm^^iji^ y ^-l'i^y ^o:/ 

y:/ (H+L) ;CALTAG^i:^) ^ 30 ^^f^U^t 1%BSA-PBS(-) ^?fi?^ffiV^, 100 
l^iltCijttitJb^/to :ir-e. KM2070 fi, ^^-fl/y ^KM2070 (PERM BP-6196 ; 

ff098/29544) iz^^, m±^in^^i^x*:h^, r^. miOlo Timm-r^iWM^^ 

C0^^/6SPA6 ^flaX'f^/^V^r ^^fcp5/5>CJ6M<0_h. KM2070 Sra^-ha—zU 
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htitcMUoe. KM1307. KM1310 fiPA6 'M^mmi^tio ^lAfiMi^c. =lt$4fi 

While the invention has been described in detail and with 
reference to specific embodiments thereof, it will be apparent to one 
skill in the art that various changes and modifications can be made 
therein without departing from the spirit and scope thereof. 
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WHAT IS CLAIMED IS: 
6. l*M^*fflfla;)sJt^>^T(^ (a), (b). (c) *5j:t>'(d) ^-P^/^SS^/i-P^ilfm 

(b) ^mmi^ ; 

(c) #m=(D|EBJ3S ; 

(d) ^m^(Dmmo 

6 ic:|E*!6<^:^&o 
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8. nmmm^. ^T(d (a), (w, (c) *5j:t>* (d) T^^^i^^ma^hmitfi 

(b) r-fe^/^=i V i^^m^^mM ; 

(c) y T $ y sg^fpi{it£#im^fla ; 

(d) irn h^Vf^i!)tt4^MJlfeo 

9. r-fe^/v=i y v^ii'iiWMJisHiiads, isiet i ^|gmbTv^55®i!J#M*ffl 

10. 4*ji^<e=(Z)*BlJ3a^s^ £AT<^(a). (b). (c) *3j;t)« (d) ;6^p5/^5^/!>^<b51 

(a) ^Ml' <0)ffi'lRy^LS^-e fo 2) y ^ 5/ 5^ i^3}> y ^ (Sonic hedgehog) 
^ 4 (Bone Morphogenetic Protein 4) i^l^/Ji^ UW^WlCjSS'f-^J^jiafC^'fb-r 

(b) #^'i'<^*t>J^^(75J[£^i;^<£g-r5 HNF-3 0 (Hepatocyte Nuclear 
Factor-3 ^ ) ^^i^ bT V ^ 5 #S^lg«iJOJifflJia ; 

(c) ^WB<^M.*S^-^^h HNF-3/3 (Hepatocyte Nuclear Factor-3 ^ ) (^:oV^ 
2 # g {C#^Ei-S-^— ;t7— Nkx2. 2 ^|gmb'rV^6#Ml=lg^|lJ<OM ; 

(d) Pax-7 ^|g^L.XV>S4^MW=S'RlJ<^JSB)iao 

11. #fSi^OJNBjja;i>^ AP-2 (Activator Protein 2) LTV^SJ^Ha-e 

12. #?l^^ia^ 4 (Bone Morphogenetic Protein 4) #^ET"??J^ili--5 r. t 
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13. s^jf: y ^ (Sonic hedgehog) ^^ETT'^^lf ^^Lh Sr^lt 

®iH 1—13 (^)VN-m/&^ 1 

1~14 (T>\^-fM^ 1 ^(c|B«<^:^?fe„ 

16. ^ hn-^^Jig^jj^OH^cD^^ETr-tf^i-Sr It 

17. ^ ho— ^'jlfflll&^T-eJtlli-Sr i;$r#m^-r-5. ft^<^$SH 1~16 

19. «^S^b#6<]MS;d5. iJiT<^ (a), (b) (c) 

(a) ^M{;iiS«l3g; 

(b) ; 
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ffl 19 \z.^Wu<o:)]m„ 

22. ;^ hci— /N^'^^y K— VFERM BP-7573 ;6Si^^i-S^y ^ a 
— TJ-/^^^!|s:-C'^fS!!^;aS^ hn— ^J^J5a-C$>Stg*(^$5K 16~21 <^VN-ftl/*=» 1 

23. :^Vxi—^'MW. 'Hk-ro (a), (b) , (c), (d) . (e) . (f) ^iiV^ 
(g) t^hfa^mt^^Witfi^^V'^—^n}^-^^^. l|:*J^>^ffl 16~22 <^V> 

(a) ; 

(b) SIHM-=i'!i7j:^S*ST0*H!fe ; 

(c) ^ ;^1}&!SS*NIH/3T3 *ffljia ; 

(d) M-CSFjXS-v^^^^gS^^ft^OPS^ ; 

(e) -^7 ;^gI^@S5!5MC3T3-G2/PA6 SifflliS ; 

(f) Ktt^MJiaSjfeW;^ h n— ^^Jja ; 

(g) #MP^m^$^M*5fe<^:^ Fo->^^4Bflg„ 

24. m^^um^^. \ikT<n (a), (b) *5j:tj? (c) t^^fa^m-ii^hmmh^ 
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(c) (a) (b) (Dm^$^mm(om'&i$^±(DmB^^^^^^j:^(o^ 

27. ^®6<j{:iefH^^*ffliia(7>:9-'ft:^^Sr^*3^j:vs, if^(^^ffl i~26 ov> 

28. m^<7:>i^m i~27 (^>v^Ti^:6» i ^{c:lBife(^:3^&X'ffiv^;5, lE-lil^JNBJJS 

31. -i^=3#5te;6S^-''?y >-efeS. tt*<7)^ffl 30 {^gS^gCOB^o 

32. #?i^J^E^ 4 (Bone Morphogenetic Protein 4) ^^^^ii^t \^X^^ 
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34. :^ hu^-^mS&t^. ^^(^^m 18—23 (^V^Tttd* 1 mi^t5M(0;^ h n 

35. ^ hP— v^JiaS3;5<^Q^;55A=i#i»!a«ti«r*-r^s ft^COSEffl 33 

36. A = #;^25S--/N' y 5 . m^colEB 35 i^mm^T^^immM. 

38. ^ h v'^S&;5S, fg5ft<D^H 18-^23 ^DV^-f^^*> 1 3^(-IB^<7)X h u 

39. ^3 0«|«WN*y >-e*)-5^ it*<^«SH 37 38 lJ:|E$fe(^ig^± 

40. tS3jt<z?i3iffl 37-39 (Di^^-rtit^ 1 mi^fs.^(Dm^±m^^^^^ t lt 
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41. ^h^—^mm^:^^mtvxm\^^^:zt^!^mt-t^s mm^mm 

42. >^ h 13— ^^flifa^js, f»^<^^ffi 18—23 (Di^^TM^ 1 ^(C|5^<Z?^ h □ 

43. m^com.m 41 ^fct* 42 \cmm.(D:)jmi^i:y)m^^ti^. m^^ms^ 

44. ys^-yv K— ^FERM BP-7573 tm±i-?)'e J ^ n 

45. m^<Di^m 43 ^tcn 44 (C|Eig<D^#:$^>^V^$;l.^:<Sr^l^mi-^?), ^ 

46. m^(Dmm 45 {cfa^o;fyySfe(J:J:9Si#^ixS> ft^t^^ffl 43 



no 




49. j^^^-mt:^ hti^-^mfi^^^om^ttrm-Bt^'^^xmt. 

51. i^-C'fcS> fi^<^)^ffl 49 {z:lB^c^;^^o 

52. fg*i7)$iSH i~27 (DV>-m;&^ 1 ^J^§B^<^;^*6^ffiv>^ direct oT 

53. ft*co$sH 52 ictm<Di^BmM-^tii'i^mmm^<DM=^^ mm^ 

55. m-^<r>um 53 ^^c{± 54 (^:laft<^):&^fe§rffiv^T#btL§J^slBflao 

56. ^S^^#»©#^SET*3j:t;t^^S?il<|^^^#^£T'C% tg^O$gffl 1-27 (D\^ 
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57. ^m!^m^ur:}3^xj^m^m!^w$¥W^Tx\ it^<^i£ffl 1-2? (d\,^ 



58. ^m.^^^^-r-$5^xj^^mmim>^^^-rx^ tf^co^a 52 \nmm.<o 

59. mmi^^^-r^x.xi'nmmiW.i¥^-^Tx^ n-^<^^m 52 {^tm.<D 

61. >^ h ^^.fflSa^OS^ st5^<^®IS 18~23 (7)V^-f ^1.;$^ 1 '^\Z.mWt(D^ V n 
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64. ^^(D^& 43 ^fzi-i 44 iZ.WM(0^i^^^t^mMo 

65. m^(D^m 46 icw.^(Dmm^^t^m.mo 

^^CD;ti6(Z)g^-efcS. t*^<7)j|£a 60--66 cOV^-f tt:^^ 1 ^icmM(Om.Mo 

^(Dw^m 68 i,ct5.m(DmMa 

70. §t^(^$SH 43 ■^ft.i-t 44 {'|E^co^^^ffilN6C<!:5Sr#mi:-r5> ft 
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4 k 



ABSTRACT OF THE DISCLOSURE 
r <b ct SS5t4^lBJ!S;i)^ ^^K^flB^^ 5fe(Df.fflJIS^ T-<D5>{I^^ 
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